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Abstract 
HOUBA, V. J. G. (1973) Effect of nitrogen dressings on growth and development of sugar-beet. 
Doctoral thesis, Wageningen, ISBN 902200435 X., (viii) + 65 p., 25 tbs, 21 figs, 54 refs, Eng. and 
Dutch, summaries. 
Also: Agric. Res. Rep. (Versl. landbouwk. Onderz.) 791. 
The growth and development of sugar-beet with different nitrogen dressings was studied by mea-
surement of leaf area and of dry weight and chemical composition (inorganic cations and anions) of 
several plant parts during the growth season. 
For a correct interpretation of the data, the losses in dry weight, leaf area and minerals due to leaf 
fall could not be ignored and were therefore estimated. The losses were calculated to be 4-5 tons dry 
matter-ha-1 and 3-4 m2 leaf area-m-2 soil area depending on the amount of nitrogen dressed. The 
losses of N, H2PO4 and K were 90-140,5-13 and 80-105 kg-ha-1, respectively. 
When the losses were included in the harvest data, other growth and uptake figures were obtained 
than when these losses were ignored. With no deficiency, instead of three growth stages, only two 
stages appeared in the distribution curve. 
Furthermore a hypothesis was developed which could explain the differences in dry weight, chemi-
cal composition and leaf area of the succeeding laminae of a sugar-beet plant. It was suggested that 
the laminae formed first stayed small due to competition for the produced minerals within the plant. 
Maximum leaf area and weight was found for the 10th to 15th leaf. Later formed laminae stayed 
small due to the shortage of light, minerals, water and time. 
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Stellingen 
1. De verdeling van de geproduceerde droge stof over de onderscheiden delen van 
het loof van suikerbieten is onafhankelijk van de stikstofbemesting. (Dit proefschrift) 
2. Voor een juiste interpretatie van de groei, de ontwikkeling en het opnamepatroon 
van een gewas mag afgestorven bladmateriaal niet verwaarloosd worden. (Dit proef-
schrift) 
3. Het uitstellen van de bietenoogst met het oog op hogere suikeropbrengsten heeft 
alleen zin als de uitstelperiode voldoende lang is en weinig stikstof meer wordt op-
genomen en verwerkt. (Dit proefschrift) 
4. De hoge stikstofbemesting bij aardappelen en suikerbieten in Nederland is over 
het algemeen een verspilling, omdat het produktiepatroon van de plant geforceerd 
wordt in een verkeerde richting. 
5. De berekening van de benodigde hoeveelheid organische stof is voor suikerbieten 
gebaseerd op onjuiste cijfers. (Handboekje landbouwvoorlichting) 
6. Om onder gegeven omstandigheden het nitraatgehalte in een gewas als spinazie zo 
laag mogelijk te houden, verdient oogsten op het eind van de dag de voorkeur. 
7. De bodemkunde zou meer dan voorheen kunnen bijdragen om ons nageslacht een 
leefbare wereld na te laten indien de bodemkundigen in sterkere mate dan voorheen 
streven naar een multidisciplinaire aanpak van problemen. 
8. Bij de opleiding van studenten uit ontwikkelingslanden in ons land dient afwijzing 
gedurende de opleiding door een zorgvuldige selectie voorkomen te worden. 
9. Het toelaten van gehuwde studenten uit andere landen voor een meerjarige op-
leiding aan een universiteit of hogeschool verplicht tevens tot het scheppen van de 
mogelijkheid voor een tussentijds bezoek aan zijn gezin. 
10. Het zelf musiceren, hoe onvolkomen ook, geeft zeker zoveel voldoening als het 
luisteren naar perfect uitgevoerde muziek. 
11. Voor een evenwichtige ontwikkeling van het onderwijsprogramma voor de basis-
school is met name de muziekpedagogische arbeid van Zoltan Koddly van grote 
betekenis. 
12. De door de televisie verhoogde passiviteit na verplichte activiteit is funest voor de 
ontspannende creativiteit. 
Proefschrift van V. J. G. Houba 
Wageningen, 9 mei 1973 
Voorwoord 
Zeer velen hebben in meerdere of mindere mate geholpen dit proefschrift tot een 
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Hooggeleerde Schuffelen, hooggeachte promoter, veel dank ben ik u verschuldigd 
voor de begeleiding van dit proefschrift. Bijzonder waardeer ik de vrijheid die u mij 
tijdens het onderzoek hebt gegund. 
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Voor de aanleg en uitvoering van de werkzaamheden op. het proefveld was de hulp 
van de heren L. Mol en C. Vermeer en hun medewerkers onmisbaar. 
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Samenvatting 
In een veldproef werd de invloed van stikstofbemesting op groei en ontwikkeling 
en op de chemische samenstelling van een gewas suikerbieten bestudeerd. De groei 
en ontwikkeling werd gemeten aan droge-stofopbrengsten en aan het bladoppervlak. 
De chemische samenstelling werd bepaald van verschillende onderdelen van het 
gewas, zoals bladschijven en bladstelen van onderscheiden ouderdom en van de 
wortel. 
Gedurende het groeiseizoen bleek dat voor een juiste interpretatie van groei, 
ontwikkeling en opname van mineralen, de verliezen door bladval niet konden 
worden verwaarloosd. In een aantal veldjes kon nog worden nagegaan dat vanaf 
ongeveer half juli tot het eind van het groeiseizoen, gemiddeld 3 bladeren per 14 dagen 
verloren gingen. Door het afsterven van 21 bladeren gedurende het groeiseizoen ging 
bij lage stikstofbemesting 4100 kg droge stof per ha verloren en 3,2 m2 bladoppervlak 
per m2 grondoppervlak. Bij hoge stikstofbemesting waren deze getallen 4600 kg droge 
stof per ha en 3.9 m2 bladoppervlak per m2. De verliezen aan mineralen door blad-
afval waren vooral hoog voor die elementen die geaccumuleerd worden of achterblijven 
in de oudste bladeren. Verliezen van 90-140 kg stikstof per ha, 80-105 kg kalium per 
ha en 5-13 kg fosfaat (H2P04) per ha werden berekend. Daar deze verliezen weer in 
de grond terugkeren, hebben zij voor de bodemvruchtbaarheid weinig consequenties. 
Wei moeten deze verliezen in een studie over groei, ontwikkeling en de chemische 
samenstelling van een gewas betrokken worden. 
Door deze verliezen op te tellen bij de gemeten produktie en opname werd een 
produktiepatroon gevonden dat afwijkt van wat men in de literatuur vermeld vindt. 
Met voldoende stikstof bemeste bieten doorliepen in dit experiment slechts twee fasen 
van ontwikkeling. In de eerste fase werd het merendeel van de geproduceerde droge 
stof gebruikt voor uitbreiding van het bovengrondse materiaal. In de tweede fase 
werd het meest geinvesteerd in uitbreiding en vulling van de biet. In een gewas dat 
stikstoftekort had, werd relatief meer droge stof geinvesteerd in de biet vergeleken 
met een goed met stikstof voorzien gewas. Bovendien kon hier nog een derde fase 
worden onderscheiden. Het tijdstip waarop deze derde fase begint is vermoedelijk 
afhankelijk van het tijdstip van stikstofgebrek. In deze derde fase werd geen toename 
van suikervrije droge stof in de biet meer gevonden, wel een toename in hoeveelheid 
suiker. Van de droge stof, die gebruikt werd voor instandhouding en uitbreiding van 
het bovengrondse materiaal, was de verdeling over bladschijven en bladstelen binnen 
de fasen onafhankelijk van de stikstofbemesting. Ook de opname van kationen en 
anionen en de produktie van organische stikstof en organische zouten (C—A) per 
eenheid geproduceerde droge stof was constant binnen een fase. Wei werden ver-
schillen gevonden tussen de hoog en laag met stikstof bemeste objecten. 
In deze proef werd de grootste toename in droge stof en suiker per tijdseenheid 
gevonden in augustus. Daarentegen was de drogestoftoename per eenheid bladopper-
vlak per tijdseenheid het grootst in het begin van het groeiseizoen. De eerst gevormde 
bladeren, die zeer actief zijn in deze periode, konden slechts een beperkte grootte en 
gewicht bereiken. De zeer hoge (C—A)-gehalten in de dode bladeren, vooral in die 
van het begin van het groeiseizoen, wijzen ook op een zeer actieve periode wat betreft 
reductie van nitraat (en sulfaat). Dat de eerst gevormde bladeren klein en gering 
in gewicht blijven, werd aannemelijk door de hypothese dat deze bladeren, door 
concurrentie met nieuw blad om de door hen geproduceerde bouwstoffen (eiwitten 
en koolhydraat), weinig in hun eigen oppervlak en gewicht kunnen investeren. 
Maximale bladgrootte en bladgewicht werd gevonden bij het 10e—15e blad. Het 
aantal bladeren dat deze maximale grootte en gewicht kon bereiken werd in deze 
proef bepaald door de stikstofbemesting. Later gevormde bladeren konden deze maxi-
male grootte niet meer bereiken door een tekort aan licht, water, mineralen en/of tijd. 
Grote verschillen werden binnen 6en oogst gevonden in gehalten aan kationen en 
anionen in de verschillende plantedelen met name in bladschijven en bladstelen van 
onderscheiden leeftijd. Vooral voor Na, Ca, Mg en (C-A) werden de hoogste 
concentrates gevonden in het oudste materiaal. Ook voor N0 3 bleken de hoogste 
gehalten voor te komen in de oudste bladstelen en de oudste bladschijven. Voor 
H2P04, K en organisch-N werd het omgekeerde gevonden. Minimale concentraties 
werden voor deze elementen gevonden in het dode materiaal. Deze waren in het 
bladmoes voor organisch-N, K en H2P04 respectievelijk 1000, 300-400 en 25-50 
meq-kg-1 droge stof. In de bladstelen was dit alleen voor H2P04 duidelijk met een 
waarde van 25 meq-kg"1 droge stof. Van de mineralen met de hoogste gehalten in 
de oudste bladeren Week het Ca-gehalte het meest constant te zijn gedurende het 
groeiseizoen. 
De daling van de gehalten aan som kationen, som anionen, (C-A) en organisch-N 
gedurende het seizoen in het loofmateriaal kon ten dele worden verklaard door de 
verliezen ten gevolge van bladval. Door gehalten te berekenen, aannemende dat geen 
bladeren verloren zouden zijn gegaan, werden vanaf half augustus vrijwel constante 
gehalten gevonden. Daar in gewasmateriaal de meeste gehalten dalen met het ouder 
worden van het gewas, zullen de zogenaamde kritische concentraties afhankelijk zijn 
van de leeftijd. 
De extra stikstofbemesting op 4 juli, 1 augustus en 29 augustus hadden een invloed 
op opbrengst, bladoppervlak, droge stofgehalten en suikergehalten. De uiteindelijke 
suikeropbrengst was echter voor de diverse objecten vrijwel gelijk. Elke extra stikstof-
bemesting resulteerde, een maand na de toediening, in een extra toename van de 
bladoppervlakte index (LAI) met een 0,5 eenheid. Het suikergehalte werd in dezelfde 
tijd met 1% verlaagd. De laatste extra stikstofbemesting op 26 September had geen 
invloed meer op het bladoppervlak, de drogestofopbrengst en de suikeropbrengst. 
Wei was er een duidelijke toename in de NQ3 en organisch-N gehalten. 
eenheid geproduceerde droge stof was constant binnen een fase. Wei werden ver-
schillen gevonden tussen de hoog en laag met stikstof bemeste objecten. 
In deze proef werd de grootste toename in droge stof en suiker per tijdseenheid 
gevonden in augustus. Daarentegen was de drogestoftoename per eenheid bladopper-
vlak per tijdseenheid het grootst in het begin van het groeiseizoen. De eerst gevormde 
bladeren, die zeer actief zijn in deze periode, konden slechts een beperkte grootte en 
gewicht bereiken. De zeer hoge (C-A)-gehalten in de dode bladeren, vooral in die 
van het begin van het groeiseizoen, wijzen ook op een zeer actieve periode wat betreft 
reductie van nitraat (en sulfaat). Dat de eerst gevormde bladeren klein en gering 
in gewicht blijven, werd aannemelijk door de hypothese dat deze bladeren, door 
concurrentie met nieuw blad om de door hen geproduceerde bouwstoffen (eiwitten 
en koolhydraat), weinig in hun eigen oppervlak en gewicht kunnen investeren. 
Maximale bladgrootte en bladgewicht werd gevonden bij het 10e-15e blad. Het 
aantal bladeren dat deze maximale grootte en gewicht kon bereiken werd in deze 
proef bepaald door de stikstofbemesting. Later gevormde bladeren konden deze maxi-
male grootte met meer bereiken door een tekort aan licht, water, mineralen en/of tijd. 
Grote verschillen werden binnen een oogst gevonden in gehalten aan kationen en 
amonen in de verschillende plantedelen met name in bladschijven en bladstelen van 
onderscheiden leeftijd. Vooral voor Na, Ca, Mg en (C-A) werden de hoogste 
concentrates gevonden in het oudste materiaal. Ook voor N0 3 bleken de hoogste 
gehalten voor te komen in de oudste bladstelen en de oudste bladschijven. Voor 
ii2TO4, K en organisch-N werd het omgekeerde gevonden. Minimale concentraties 
werden voor deze elementen gevonden in het dode materiaal. Deze waren in het 
bladmoes voor organisch-N, K en H2P04 respectievelijk 1000, 300-400 en 25-50 
meq-kg droge stof. In de bladstelen was dit alleen voor H2P04 duidelijk met een 
waarde yan 25 meq-kg"^ droge stof. Van de mineralen met de hoogste gehalten in 
de oudste bladeren Week het Ca-gehalte het meest constant te zijn gedurende het 
groeiseizoen. J & 
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Nitrogen dressings has several effects on sugar-beet. 
With increasing nitrogen shoot growth is enhanced with an increase in weight and 
area (Jorritsma, 1962; Stout, 1961; and many others) and especially the growth of 
new leaves is stimulated (Stout, 1961). 
Root growth too is stimulated; a certain maximum in fresh root weight is reached 
(Jorritsma, 1962). According to literature sugar content of the roots and sap purity 
decrease inversely with nitrogen dressing. A decreasing sugar content combined with 
a maximum root weight led to an optimum sugar yield. However, Boyd et al. (1970) 
found no decrease in sugar yield with nitrogen dressing in several trials on mineral 
soils. 
Early in the growth period the supply of nitrogen to the plants must be sufficient 
to build up the photosynthetic system as soon as possible. 
Total dry-matter production is maximum when an optimum canopy is produced 
as early as possible and lasts as long as possible (Storer et al., 1970). However, this 
situation does not mean an optimum sugar yield, because production of sugars and 
other dry matter compete for the produced assimilates. Furthermore a large canopy 
will lead to inefficiency due to mutual shading (Tanaka & Kawano, 1966; Bremner 
et al , 1967; Loomis & Ulrich, 1969, 1962; Loomis & Nevins, 1963). 
If the final sugar yield of a sugar-beet crop could be correlated with one or more 
properties in an early stage of growth, it might be possible to change the growing 
conditions and so influence the growth and sugar yield. Growth or nutritional 
characteristics can be used for this purpose. 
The growth of sugar-beet is mainly influenced by nitrogen dressing and water 
supply. However, under field conditions, it is only possible to control the amount 
of available water in irrigated systems. Therefore this study is restricted to the 
influence of nitrogen supply. 
The growth pattern of sugar-beet can be characterized by dry matter production 
of the whole crop and of specific parts of the plants, and by leaf area. These char-
acteristics are usually measured at intervals of one or two weeks. With these data 
the growth rate and, for instance, the rate of sugar accumulation can be calculated 
and compared with the leaf area of the crop. 
The growth characteristics which are in use are: the crop growth rate, the relative 
growth rate, the leaf area index, the leaf area duration, the relative leaf growth rate, 
the net assimilation rate and the leaf area ratio. For this study the following para-
meters are used (A=leaf area; W=dry weight; f=time): 
a. crop growth rate {<ZGR) = {W2-W1)l{t2-t1) 
b. leaf area index (LAI)=leaf area per unit of soil area 
c. net assimilation rate (tiAR)=l/A-dW/dt; this is the rate of dry weight increase 
per unit of leaf area. 
To solve Equation (c) either the relation between A and WOT the relation between 
both A and Wwith time has to be known (Radford, 1967). 
1. If the relation between A and W is linear (W=c+bA), then ~NAR=[(W2-W1)/ 
(A2-A1)]-[(lnA2-lnA1)/(t2-t1)]. 
2. If the relation between A and Wis of quadratic form (W=c+bA2), then NAR= 
2(W2-W1)/[(A2+A1)(t2-t1)]. 
3. If the relation between A and W is of the form W=c+bAx, then NAR=[x/ 
(x-1)] • [(W2 - WJKti ~ h)] • U\~l -A\~ *)!(& -A\)l 
4. If the relation between A and W is of the form W=c+bA + dA2, then NAR= 
MriA^lnAd+ldiA^AMK^-ty). 
The influence of a nitrogen dressing on the leaf area is evident: with increasing 
fertilization leaf area increases up to a certain maximum. A very large leaf area causes 
shading of the lowest leaves which influences the photosynthetic capacity of these 
leaves. Hypothetically a stage could be reached where the dissimilation of these leaves 
is higher than the photosynthesis (Donald, 1961). 
However, data from literature indicate that leaf area is a better criterion for dry 
matter yield of sugar-beet than the net assimilation rate, sometimes called the efficiency 
(Watson, 1952, 1956; Goodman, 1967). 
The increase of leaf area of sugar-beet always follows the same pattern: a very 
slow increase in the beginning of the growth season followed by a quick, more or 
less linear increase with time up to a maximum value. Afterwards the leaf area 
decreases because the oldest leaves die, their area is larger than that of the newly 
formed leaves (Watson, 1956; Loach, 1970). Nitrogen dressings produce more leaves 
per unit time; the area per leaf for well fertilized plants also increases. Loomis & 
Nevins (1963) found that with adequate nitrogen supply 4±1 new leaves appeared 
on each plant every week. This rate was found to be more or less constant during 
the whole season. Plants, that became deficient in nitrogen showed a decline in this 
rate to a minimum of less than one leaf per week by the sixth week of deficiency. 
After a renewal of nitrogen supply these plants increased their rate of leaf appearance 
again to 4± 1 per week, as before. The number of leaves that died was not significantly 
affected by nitrogen nutrition. 
According to Watson (1963) many studies on growth analysis have shown that a 
variation m the nutrient supply has little or no effect on the net assimilation rate, 
out often has a very pronounced effect on leaf area and weight. He suggested that 
the net assimilation rate increased with increasing nutrient supply at low nutrient 
levels but that itbecame independent at higher levels. However, in pot trials (Watson 
et al 1958, 1963), where the NAR was increased by an increase in nitrogen supply, 
a wider range was found due to less mutual interference of the plants 
The leaf area duration (LAD), which is the integral of the leaf area curve over 
a given period of time, takes into account both the magnitude and the life span of 
the leaves. It is usually expressed in weeks. By nitrogen application the LAD is 
increased by an increase in size and number of leaves (Storer et al., 1970). Although 
Watson (1958) proposed LAD as a good indicator for the production capacity of 
a plant or a crop Storer et al. (1970) found quite different sugar yields with the same 
LAD value. These same LAD values were produced by different nitrogen treatments: 
a pre-sowing nitrogen dressing and a late nitrogen dressing. When nitrogen was 
supplied before sowing, the shoot developed more quickly so that the leaf area was 
larger early in the season, when solar radiation and air temperature were high. 
Furthermore sugar yield decreased with the late nitrogen dressing, because of an 
induced vegetative growth of the crop. 
Besides growth parameters, the nutritional status is an important indication for 
crop behaviour. From literature it is clear that there are large differences in contents 
of cations and anions in the various plant part. Differences are found not only 
between various parts of the plant, but also in the same parts at different positions 
on the plant (Vickery, 1961; Coic et al., 1962; Kirkby & de Kock, 1965). In general 
the total cation concentration (Na+K+Ca+Mg) is high in old laminae and low 
in young ones. The sum of inorganic anions (A) in the laminae is usually lower than 
the sum of cations (C). 
Differences in anion content between laminae of different age can be small (Vickery, 
1961), but sometimes great differences are found, for instance, for nitrate (Kelley & 
Ulrich, 1966). More organic nitrogen was found in young expanding laminae than 
in old ones (Sorensen, 1962; Coic et al., 1962). In the petioles of sugar-beet plants 
the concentration of anions was much higher than in the laminae (van Egmond & 
Houba, 1970; Houba et al., 1971). Also differences between old and young petioles 
were found, for example, for nitrate (Kelley & Ulrich, 1966). 
As a result of these differences in contents, the cation minus anion content (C—A) 
(de Wit et al., 1963) or carboxylate content is higher in old laminae than in young ones. 
De Wit et al. (1963) concluded from experiments with perennial ryegrass that a 
certain carboxylate content is a condition for good growth. For orchard grass and 
perennial ryegrass, the range should be 900-1000 meq per kg dry matter. For wheat, 
it should be about 1000 meq per kg dry matter (Kostic et al., 1967). According to 
van Tuil (1965), a normal carboxylate content for sugar-beet foliage in an early stage 
of growth is 3 500 meq per kg dry matter. 
However, for wheat (Slangen, 1971) and for sugar-beet plants grown on culture 
solutions (van Egmond & Houba, 1970; Houba et al., 1971), the carboxylate content 
was not constant, but decreased during the growth period. 
The formation of carboxylates is mainly the result of reduction of nitrate and sul-
phate in living plant material (Dijkshoorn, 1962,1963). The relative amount of organic 
sulphur to organic nitrogen is for many plants only 6% when calculated on an ion 
equivalent basis (Dijkshoorn & van Wijk, 1967). Thus the (C—A) content of the 
plants is mainly dependent on nitrate reduction. 
Houba et al. (1971) found for sugar-beet plants on culture solutions that, for plants 
well fertilized with nitrate, the amount of organic nitrogen produced by these plants 
was equal to the amount of carboxylates formed. For plants deficient in nitrogen the 
production of organic nitrogen was stopped soon after nitrogen depletion. However, 
at the same time the production of carboxylates continued at a lower rate. 
About 80-90% of the (C-A) could be detected as carboxylates (malate, citrate, 
oxalate etc.). What remained was probably polyuronates (van Tuil, 1965) and other 
carboxylates that are difficult to extract (Houba et al., 1971). 
Usually in literature the growth of a crop is characterized either by describing the 
change in growth parameters as dry weight and leaf area, or by continuous measure-
ment of the crop's chemical composition. The two approaches to crop growth and 
development are seldom combined. This field trial with sugar-beet was so designed 
that the influence of nitrogen on characteristics of growth and nutrition could be 
determined simultaneously. 
In this experiment some of the sugar-beet plots were fertilized with nitrogen 
throughout the season. Some received a rather low basic dressing with nitrogen and 
other plots received one or more extra nitrogen dressings. 
Plants were harvested every 14 days. The plants were divided into different parts, 
such as laminae and petioles of different age. In this way it could be checked whether 




The field trial was carried out in 1967 on a gravelly sandy soil near Wageningen, 
the Netherlands. 
The pH-KCl of the field was 5.0; the organic matter content 3.3%; phosphorus 
extracted with a buffered ammonium lactate-acetic acid solution of pH = 3.75 (P-AL) 
was 47 mg P205 per 100 g soil and potassium extracted with 0.1 iVHCl was 10 mg 
K20 per 100 g soil. 
The plots were two by two meters with +30 cm distance between the plants in 
the row and 40 cm between the rows. This amounts to 30 plants per plot or 75000 
plants per hectare. Each plot was surrounded by two rows as border. 
The borders were sown with a machine, but in the plots the seeds were sown by 
hand on the spot where a plant had to grow. 
A plot of two by two meters is usually small for sugar-beet. For that reason a 
non-commercial diploid hybrid, being genetically more homogeneous was used (No. 
P 2167 of the van der Have firm, Kapelle Bieselinge, the Netherlands). 
When necessary the crop was spray irrigated. 
The plants were sown on 5 May, which is fairly late, and thinned to 30 plants 
per plot on 20 June. Starting from 4 July plants were harvested every fortnight. 
2.2 Manuring 
The entire experimental field was fertilized according to Table 1. The basic slag 
was applied in the autumn of 1966. The other fertilizers were applied in 1967 before 








(potassium chloride 40 %) 
(kieserite and dolomitic limestone) 
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(borax) 














V, July 1Aug. 29 Aug. 26 Sept. 
date of fertilizing 
Fig. 1. Scheme of the experiment (each lined 
square represents an additional dressing of 
50 kg N/ha and 20 kg KaO/ha at the dates 
indicated). 
sowing (beginning of May). 
In addition to this basic dressing different quantities of nitrogen were applied 
according to the scheme presented in Figure 1. 
The nitrogen was applied as nitrochalk (23% N). The extra potassium (as potassium 
chloride 40%) was applied to ensure that the sugar-beet, that was well fertilized with 
nitrogen, would not suffer from potassium deficiency. 
About two month after sowing (on 4 July) the first additional nitrogen dressing 
was applied and this was repeated every four weeks (on August 1, August 29 and 
September 26). These extra dressings were carefully added to the soil so that the 
fertilizer did not come in contact with the leaves. 
2.3 The harvest 
Starting from 4 July three plots per treatment were harvested every 14 days up 
to the last harvest on 24 October. All the plots were harvested between 6 and 9 a.m. 
to avoid any changes in chemical composition (nitrate, sugar etc.) of the plant material 
related to the time of day. 
All 30 plants were dug out of each plot and separated on the field in root (beet) 
and shoot. The shoot included about 2-3 cm of the upper part of the beet. 
At the laboratory the beets were washed, weighed and rasped to pulp. From this 
pulp a sample was dried at 70 °C to determine the dry matter content. Two samples, 
both 26 g, were preserved frozen for a determination of sugar content. 
After weighing the shoots of the 30 plants, ten plants were arbitrarily chosen and 
set aside. The remaining shoots were cut into small pieces and mixed thoroughly. 
From this material a sample was taken to determine the dry matter content (drying 
at 70°C). 
From the ten plants, selected at random, the dead and dying (=yellow) leaves 
were collected and called dead material. The leaf area of the living (=green) leaves 
was measured (see Section 2.6). The green leaves were then separated into three 
different groups: the five oldest leaves, the next five leaves and the rest of the leaves. 
The area of the leaves of each plant was measured in the sequence of their ap-
pearance so that the area of each group of leaves could be calculated. 
In these four groups of leaves (dead, oldest five, following five and the rest) the 
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petioles were separated from the laminae. The midrib was included in the 
laminae. 
From each group the laminae and petioles, and the rest of the shoot (crown of 
the beet plus a very small part of the petioles) were weighed separately and after 
that cut into pieces. The dry matter content of a sample from each group was deter-
mined (70 °C). 
The samples for the dry matter determinations were ground and stored in the dark 
in sealed plastic bags for chemical analysis (see Section 2.4). 
On 20 June the plots were thinned to 30 plants. The plants taken out were regarded 
as the first harvest. 
These plants were too small to be separated into laminae, petioles etc. Only roots 
and shoots could be distinghuished. 
The selected plants from the next harvest (4 July) were still too small to be separated 
into the different groups of laminae and petioles. On 18 July and 1 August only two 
groups of living leaves could be collected. From the harvest of 15 August onwards 
three different groups of living laminae and petioles could be separated. 
2.4 Chemical analysis 
Only plants of treatments 5 and 1 were chemically analysed (see Fig .1). The 
chemical analysis was carried out according to procedures of the Laboratory of Soils 
and Fertilizers of the Agricultural University, Wageningen, the Netherlands (van 
Schouwenburg & Walinga, 1971, and internal reports). 
From all the plant parts, subsamples were analysed after digestion in concentrated 
sulphuric acid and hydrogen peroxide (Lindner & Harley, 1942). Concentrations of 
Na, K and Ca were estimated with a flamephotometer (Eppendorf), with propane 
as fuel for estimation of Na and K, and acetylene as fuel for Ca. The concentration 
of Mg was estimated by atomic-absorption spectrophotometry (Techtron AA 100). 
Phosphate was measured colorimetrically (Vitatron colorimeter) by the molybdenum 
blue method with antimonyl tartrate, ascorbic acid being used as reducing agent. 
Nitrogen in the digest was estimated as follows: The digest was made alkaline, 
distilled over into a boric acid solution, and titrated with potassium biiodate. Since 
the material was digested without salicylic acid, the values for nitrogen do not include 
all the nitrate since a minor part is lost (N-Kjeldahl). 
Other subsamples were extracted with 0.5 N acetic acid. In this extract the CI 
concentration was estimated coulorimetrically, with a chlorocounter (Marius, Utrecht). 
The nitrate in the extract was estimated by nitration of 3,4-dimethylphenol in an 
acid medium. The nitro-xylenol that formed was distilled into a sodium hydroxyde 
solution and the resulting colour was measured with a Vitatron colorimeter. Sulphate 
was precipitated with barium chloride and kept in suspension with Tween-80. The 
turbidity was measured colorimetrically (Vitatron colorimeter). 
All concentrations are given on the basis of oven-dried material (70 °C). 
The variation coefficient of the analysis was not higher than 10%. 
2.5 Sugar estimation 
Sugar content was estimated at the Institute for Research on Varieties of Field 
Crops, Wageningen. The pulped root samples were mechanically shaken for 2\ min 
after addition of a basic lead acetate solution. After repeated filtration (3 times), the 
sugar content in the filtrate was measured with a polarimeter according to the method 
of Sachs-le-Docteur. 
2.6 Measurement of leaf area 
During the growth season of 1966 leaves of different size of the variety used in 
this trial were collected. Photogrammes of these leaves were made and the area of 
the prints was measured with a planimeter. 
With these prints a scale was made of leaves of sugar-beet plants with an area 
from one cm2 up to an area of about 600 cm2 (Table 2). 
In the experiment, the area of the leaves from sugar-beet plants were compared 
with the area of the prints and the corresponding scale number was recorded. 
2.7 Climate 
The day and night temperature and the radiation during the experiment were 
recorded and given as means of 10-day periods in Table 3. The mean daily temperature 
was in the beginning of the growth season (May) higher than normal. In June, July, 
August and September the temperature was normal, except for cold periods in 
September. However, at the end of September and in the beginning of October the 
temperature was higher than normal, especially at night. 
Table 2. Scale number and the corresponding area of leaves of 










































































Table 3. Mean day and night temperature and radiation during 1967. 
Period Mean temperature Mean daily radiation 
(cal • cm-2) 
during day light (°Q during the night (°C) 
May 11-May 21 16.3 12.5 350 
May 21-May 31 14.8 10.8 290 
May 31-June 10 15.1 11.5 368 
June 10-June 20 14.1 10.2 404 
June 20-June 30 17.2 13.3 303 
June 30-July 10 18.3 13.7 352 
July 10-July 20 20.8 15.7 396 
July 20-July 30 19.7 14.3 340 
July 30-Aug. 9 19.8 14.7 337 
Aug. 9-Aug. 19 17.1 14.4 215 
Aug. 19-Aug. 29 17.9 13.4 339 
Aug. 29-Sept. 8 16.2 13.0 192 
Sept. 8-Sept. 18 13.9 10.9 191 
Sept. 18-Sept. 28 14.9 12.1 173 
Sept. 28-Oct. 8 14.5 11.8 146 
Oct. 8-Oct. 18 14.2 11.5 106 
Dry periods were recorded in the beginning of May, during June and July and 
in the beginning and at the end of August. On 12 May, 16 June and 14 July about 
20 mm of water was sprayed to make sure that the crop would not suffer from 
drought. During September and October the amount of rainfall was normal. 
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3 Growth analysis of a sugar-beet crop 
During the experiment it became evident, that losses due to leaves dying were so high, 
that for a study of this crop's growth and development they could not be ignored. 
Although in recent literature (Terry, 1968; Loach, 1970; Milford & Watson, 1971) 
the importance of dry weight loss was mentioned, no measurements of weight were 
reported. 
For sugar-beet plants, grown in nutrient solutions, Loomis & Nevins (1963) found 
no differences in the amount of dead leaves for different nitrogen treatments. Under 
growth chamber conditions, Terry (1968) found that for sugar-beet, grown at different 
temperatures and under different light intensities, the rate of unfolding and senescence 
of leaves was effectively constant during growth. 
For sugar-beet in the field, Humphries & French (1969) found a death rate of 
0.7-1.3 leaves per plant per week. 
In this field trial with sugar-beet it was not originally intended to study leaf senes-
cence. However, in a few additional plots of Treatment 5 (Fig. 1), the yellow leaves 
were collected every 14 days. From 18 July to 1 August three leaves turned yellow 
during every 14 days. 
3.1 Losses due to leaf fall 
To be able to estimate the losses due to leaf fall the following assumptions were 
made: 
1. that gathering the yellow leaves from plants in the field did not affect the maturing 
of the other leaves, 
2. that there was no significant difference in number of dead leaves from the plants 
of the various nitrogen treatments according to the findings of Loomis & Nevins 
(1963), 
3. that during maturation the area and the dry weight of the leaves did not change 
appreciably. 
Assumption 3 had to be made because the dry weight and the area of the dead 
and yellow plant material was not measured. 
Based on these assumptions the losses in dry weight and leaf area during this trial 
were calculated from data of the five oldest living laminae and petioles (see Section 
2.3). The 3/5 part (three leaves were lost per 14 days) of the dry weight and leaf area 
of this group of laminae and petioles was considered to be the losses in the next 
14-day period. 
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As the first yellow leaves were observed on 18 July, the first losses could be expected 
in the period from 18 July to 1 August. 
The calculated losses of dry material of laminae and petioles and the losses of leaf 
area are given in Table 4 for all the 14-day periods. 
The loss in leaf area was highest in August and September with values between 
0.5 and 0.7 m2 leaf area m~2 soil area (Table 4). The total accumulated loss in leaf 
area during the growth season was lowest for Treatment 1 (pre-sowing nitrogen 
dressing only), mainly because the losses in September and October were lower for 
Treatment 1 than for the other treatments. 
Higher losses in leaf area in August and September at a constant rate of loss of 
leaves means that the laminae lost during these months are larger than the laminae 
lost before and after this period. So, the first laminae formed must have been smaller 
than those formed later. With the assumed loss of three leaves per 14 days, the largest 
laminae must be situated somewhere between the fourth and the fifteenth leaf. The 
Table 4. Calculated losses throughout the season of dry weight and leaf area of a sugar-beet crop 
with different rates of nitrogen. 
Treatment Yield data Total 




































Losses of dry matter from laminae (g-m~2) 
19.0 31.8 34.8 40.2 
22.4 33.0 34.2 39.0 
32.4 45.0 
Losses of dry matter from petioles (g-mr2) 
11.0 25.8 28.2 36.0 














Losses of dry matter from petioles and laminae (g-mr2) 
30.0 57.6 63.0 76.2 62.4 
35.8 56.4 61.8 69.0 74.4 



























































laminae that formed later did not have such a large area before they died off. 
The loss in dry matter of the laminae, showed a similar trend to the loss in leaf 
area (Table 4b), and was highest from 29 August to 12 September for all the treat-
ments. So the laminae formed first were lighter than those formed later. The heaviest 
lamina was situated somewhere between the ninth and the twelfth one. 
The overall picture for the loss in dry weight of petioles shows increasing loss 
throughout the growth period with only a small loss for the last period from 10 
October to 24 October (Table 4c). 
The accumulated dry matter loss of shoots for the entire season, based on the as-
sumptions mentioned before, was lowest for Treatment 1 with a value of 409 g-m - 2 
(±4000 kg DM-ha-1) (Table 4d). For the other treatments the loss was about 
460 g-m -2 (±4600 kg DM-ha-1). These dry matter losses were about 70-100% of 
the yield of shoots on 24 October (see Section 3.2.2). 
In Sections 3.3 and 4.4 some arguments are given that these calculated losses of 
dry matter are not more than 25% too high. 
Although these losses in leaves were calculated with some assumptions, it is clear 
that they are substantial and that they may not be ignored when discussing growth 
or uptake of minerals for this crop (see Section 4.1). 
3.2 Yield analysis 
In this section the growth of sugar-beet during this experiment is first described 
in the conventional way, without taking into account the calculated losses. In the 
second part, the calculated losses are included as part of the dry matter produced. 
3.2.1 Yield analysis without allowing for calculated losses 
The main data describing the production of this sugar-beet crop are given in 
Table 5. 
The dry weight of the shoots was highest for treatments 4 and 5 (well fertilized) 
and lowest for Treatment 1 (once fertilized with nitrogen) (Table 5a). Shoot yield 
reached a maximum of ±4500 kg dry matter per hectare on 29 August with Treatment 
1 and a maximum of ±6600 kg dry matter per ha on 26 September with Treatment 
5. After these maxima, the dry weight of the shoots decreased, mainly because of 
high dry matter losses. The data for Treatment 3 were irregular. 
Although there were great differences in shoot yield between the treatments, the 
data of the dry matter yield of roots were almost the same (Table 5b). 
As was expected, there were large differences in the data for leaf area index (Table 
5c). The effect of an extra nitrogen dressing on 4 July, 1 August and 29 August was 
clearly shown by the sharp increase of the LAI measured 14 days after the extra 
dressing. The similar results obtained for treatments 4 and 5 on 10 October and 24 
October showed that the extra nitrogen dressing on 26 September did not increase 
the LAI further. 
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Between the treatments the differences in sugar yield were small (Table 5d), although 
there is an indication that the sugar yield for Treatment 5 was lower than for the 
treatments 1, 2 and 3. 
There were marked differences in the percentage sugar and the percentages dry 
matter of the shoot and root (Table 5e, f and g). The highest percentages were found 
Table 5. Yield data of a sugar-beet crop during the growth period with different rates of nitrogen. 
Treatment Yield data 
18/7 1/8 
a. Dry matter yield of the shoot (g-, 
1 148 310 









b. Dry matter yield of the roots (g-m~z) 
1 71 231 




c. Leaf area index (m^-rrr2) 
1 1.48 2.41 




d. Sugar yield (g-nr*) 
1 42 147 













e. Sugar content as percentage of fresh root 
1 8.01 10.85 




/ . Percentage dry matter of the shoot 
1 8.8 9.8 















































































































































Table 5. Continued. 
Treatment Yield Data 
18/7 1/8 15/8 
g. Percentage dry matter of the root 
1 13.5 17.1 18.0 




h. Dry weight of sugar-free root (g-trr2) 
1 29 84 131 




















































in the treatments with the lowest nitrogen dressing and the lowest percentages with 
Treatment 5. Again, the data of treatments 4 and 5 were almost identical. 
The percentages sugar, based on fresh weight of the beets, increased gradually with 
time up to 24 October. Maximum value was 18.08% for Treatment 1 and 16.50% 
for Treatment 5. The influence of the extra nitrogen dressings on 4 July, 29 August 
and 26 September can be seen from the smaller increase in percentage sugar, in the 
harvest after the date of dressing, than with the treatments without additional 
fertilizer. 
The percentages dry matter of roots and shoots, however, decreased (shoots) or 
remained equal (roots) in the first 14 days (20 June up to 4 July). Thereafter these 
percentages increased gradually with a faster increase for roots than for shoots. The 
sugar-free root weight increased rapidly until about 12 September (Table 5h). There-
after the increase was slow and irregular. The increase in weight of the treatments 
with low nitrogen dressing was almost zero. 
The percentage sugar, based on the root dry weight, was about 60% on 18 July 
and increased gradually until 24 October. On this date, the values were 70-75%, 
the highest for the low fertilized treatments. 
The leaf area index (LAI) for the different groups of laminae is shown in Table 6. 
The greatest differences between the treatments were seen from the leaf area of the 
'rest of the laminae', the youngest laminae (Table 6c). Especially for this group of 
laminae the area was smallest for Treatment 1. With increasing nitrogen fertilization 
this area increased. The same increase was observed in the area of the laminae 1-5 
(Table 6a) and the laminae 6-10 (Table 6b), although the differences between the 
treatments were much smaller than in the group 'rest of the laminae'. 
On 24 October the difference in leaf area index between treatments 1 and 5 was 
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Table 6. Leaf area index during the season of different groups of leaves of a sugar-beet crop with 
different rates of nitrogen. 
Treatment Yield data 
18/7 1/8 15/8 29/8 12/9 
a. Leaf area index of the five oldest living laminae (nP-mr2) 
1 0.55 0.91 0.94 0.87 
2 0.64 0.95 0.90 0.91 
3 0.99 1.00 
4 
5 
b. Leaf area index of the laminae 6-10 (nfi-m~2) 
1 0.60 0.70 0.79 0.66 
2 0.73 0.86 0.77 0.76 
3 0.91 0.86 
4 
5 
c. Leaf area index of the rest of the laminae (nP-nr*) 
1 0.32 0.79 0.86 0.90 
2 0.39 1.00 1.38 1.19 




























































0.35 for the 5 oldest living laminae, 0.20 for the laminae 6-10 and 0.75 for the 'rest 
of the laminae'. 
During the experiment the number of laminae from the plants were counted, 
starting with leaves of an area larger than 1 cm2 (number 1 on the scale; see Section 
2.6). The number of measurable living laminae was the same for all treatments until 
about 15 August. Thereafter, there were 2.5 laminae more in Treatment 5 than in 
Treatment 1. There were more laminae than are accounted for in the tables, because 
many were too small to handle. 
The dry-matter yield for the living laminae and petioles of the different groups 
(Table 7) was lower for Treatment 1 from 12 September onwards; for Treatment 
2 it was only lower on 24 October. From 12 September onwards the laminae and 
petioles of the leaves 1-5 for treatments 2 and 3 were heavier than those of the 
leaves 6-10. The same holds for the treatments 4 and 5 from 26 September onwards. 
Up to the end of August the dry weight of the petioles of the leaves 1-5 and 6-10 
was lower than the corresponding weight of the laminae. In September and October 
just the opposite was so. The laminae of the leaves 1-5 and 6-10 were remarkably 
heavy on 29 August. 
The dry-matter content of the different groups of laminae (Table 8a, b and c) was 
always higher than the corresponding contents in the petioles (Table 8d, e and f). 
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Table 7. Dry matter yield during the season of different groups of laminae and petioles of a sugar-
beet crop with different rates of nitrogen. 
Treatment Yield data 
18/7 1/8 15/8 29/8 12/9 26/9 10/10 24/10 
a. Dry matter yield of the laminae 1-5 (g-m~z) 
1 32 53 58 67 48 43 41 41 
38 55 57 
54 
2   65 61 52 50 48 
3 75 65 49 49 57 
4 60 59 52 53 
5 52 57 
b. Dry matter yield of the laminae 6-10 (g-mr2) 
1 48 62 38 34 31 26 
2 47 76 49 35 40 31 
3 52 70 58 38 38 42 
4 63 45 48 43 
5 39 41 
c. Dry matter yield of the rest of the laminae (g -mr2) 
1 51 82 41 81 42 41 30 29 
64 94 74 
73 
2
   72 56 57 65 42 
3
  88 90 56 56 79 
4
 98 85 91 95 
5 
/ . Dry matter yield of the rest of the petioles (g'trr2) 
1 35 84 45 70 48 
2 44 91 68 78 71 
3 83 101 111 
92 78 
d. Dry matter yield of the petioles 1-5 (g-nr2) 
1
 18 43 47 60 56 56 59 42 
2 23
 39 46 50 63 73 65 53 
3
 48 58 69 66 68 70 
69 74 63 60 
61 71 
e. Dry matter yield of the petioles 6-10 (g-m~2) 
1
 49 58 47 46 44 29 
2
 46 56 57 55 55 34 
3
 58 63 74 
4 
5 
50 54 51 
81 64 62 53 
53 54 
48 30 27 
68 80 39 
73 66 81 
112 110 113 106 
99 81 
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Table 8. Percentage dry matter during the season of the different groups of laminae and petioles of a 
sugar-beet crop with different rates of nitrogen. 
Treatment Yield data 
18/7 1/8 15/8 




a. Percentage dry matter of the laminae 1-5 
1 9.0 9.2 10.1 











1 11.2 11.3 11.4 




d. Percentage dry matter of the petioles 1-5 
1 7.0 8.3 9.3 


















e. Percentage dry matter of the petioles 6-10 
1 10.0 11.1 
2 8.7 10.1 
3 8.4 8.9 
4 
5 
/ . Percentage dry matter of the rest of the petioles 
1 7.3 9.1 9.8 11.0 
2 6.7 8.1 8.1 10.3 




















































































































Table 9. Dry matter yield and percentage dry matter during the season of the crowns of a sugar-beet 
crop with different rates of nitrogen. 
Treatment Yield data 
18/7 







































































Furthermore this content was always higher when less nitrogen was applied. Through-
out the season the dry-matter content of the youngest laminae and petioles was nearly 
always higher than the content in the oldest laminae and petioles. In the beginning 
of the season the dry-matter contents of laminae and petioles of the leaves 6-10 
were highest. Gradually the dry-matter contents of this group of leaves reached values 
in between those of the other two groups. 
The dry-matter yield of crowns was low early in the season, but increased up to very 
fluctuating values late in the season (Table 9a). This fluctuation was connected with 
the way the plants were harvested (see Section 2.3). 
A more regular pattern was shown by the dry matter content of the crowns. These 
values were somewhat lower than the dry matter content of the roots (Table 9b). 
Again, these percentages were higher when less nitrogen was applied. 
3.2.2 Yield analysis, including calculated losses 
If the yield data of Section 3.2.1, are compared with those of this section the main 
changes will be found in the data for shoot yield, for yield of laminae and petioles 
and for leaf area. To obtain the data of Table 10, the total loss in the period before 
a certain harvest date was added to the dry-matter yield or leaf area of the living 
plant material on this particular date. The result was a gradual increase in leaf area 
and shoot dry weight troughout the season instead of a decrease later in the season, 
as indicated by the actual harvest data (compare Table 10 with Table 5a and c). 
The LAI, calculated for the case when no leaves had died off, showed a decrease 
in rate with diminishing applications of nitrogen (Table 10a). Only the last nitrogen 
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Table 10. Calculated yield data of a sugar-beet crop with different rates of nitrogen. 
Treatment Yield data 
18/7 1/8 15/8 
a. Calculated leaf area index (m2 • m~2) 
1 1.48 2.73 3.45 




b. Calculated dry matter yield of shoots (g • m~2) 
1 144 311 404 




c. Calculated dry matter yield of the laminae (g • 
1 83 154 199 




d. Calculated dry matter yield of the petioles (g-
1 54 138 179 




e. Calculated total dry matter yield(g • nr2) 
1 215 542 799 






















































































































dressing on 26 September did not influence this leaf area. About one month after 
the time of application of additional nitrogen, the increase in LAI was about 0.5 unit. 
The same continuous increase with time was found in the calculated dry weight 
of shoots (Table 10b). This increase in dry weight of shoots was lower when less 
nitrogen was applied, except for Treatment 4. The dry weight of shoots was calculated 
by adding the actual dry matter weight of living laminae and living petioles, including 
the accumulated losses (Table 10c and d), and the dry weight of the crowns (Table 
9a). This calculation was necessary because the dry weight material, actually harvested, 
(Table 5a) always contained some dead plant parts. The data for Treatment 3 were 
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Fig. 2 Seasonal changes in area of leaves of a sugar-beet plant with low rates of nitrogen (Treatment 
1, on top) and a high rate of nitrogen (Treatment 5, below). 
unfortunately very irregular. 
The gradual increase in the calculated dry weight of shoots is reflected both in 
the calculated dry weight of laminae and of petioles (Table 10c and d) 
From the extreme treatments 1 and 5, the leaf area per lamina (average of 10 
measurements) was calculated. With the assumption that three leaves died per 14 
days figures 2a and b were constructed. These diagrams give an impression about 
the formation of the leaf area of sugar-beet with time. 
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The laminae formed first never became large. The largest lamina of Treatment 1 
was situated around leaf number 8 (harvest on 15 August) and of Treatment 5 around 
leaf number 13 (harvest on 12 September). The laminae formed earlier died off 
without becoming as large and the later formed ones never reached this size. The 
largest mean area of laminae of this sugar-beet crop was 260-280 cm2. Starting in 
August, many laminae of the plants of Treatment 5 reached this mean value. The 
plants of Treatment 1 developed somewhat later only 1-2 laminae with an area of 
this mean value. 
3.2.3 Distribution of dry matter 
According to the classical conception of the development of a sugar-beet plant in 
the first (vegetative) year three phases can be distinguished. 
1. A phase of leaf development, in which most of the dry matter produced is used 
to build up a leaf canopy by formation of new leaves and by expansion of the existing 
leaf. 
2. A beet forming phase, in which most of the dry matter produced is used for the 
growth of the beet. 
3. A ripening phase, in which much sugar accumulates in the root. 
A 'phase of development' is indicated if the dry matter yield of a plant part and 
the total dry matter produced show a linear relationship (van de Sande Bakhuysen, 
1937, 1950). According to van de Sande Bakhuysen (1937, 1950), the distribution 
of dry matter produced is constant within one growth phase. When a next phase is 
entered the direction of the line changes abruptly. 
In Fig. 3 the shoot dry weight is plotted against total dry matter produced. In 
Fig. 3a these dry weights are the actual harvested amounts. In Fig. 3b the calculated 
losses are added to the harvested living amounts. In Fig. 3c the calculated losses 
are reduced by 25 % (see Sections 3.3 and 4.4). 
The curves in Fig. 3a for both the extreme treatments (5 and 1) are built up from 
three straight lines. The first straight part of the curve is the same for both treatments 
and ends somewhere between 17 July and 1 August. In this first development phase 
about 60-70% of the dry matter produced is used for shoot growth. In the second 
part of these curves this percentage is much lower, which indicates an enhanced root 
growth. Here there is a clear difference between the treatments: the lower the nitrogen 
dressing the less dry matter is stored in the shoot. Between the end of August and 
the beginning of September this distrubition pattern changes again. The curves then 
indicate that all the dry matter produced is stored in the roots. The actual gain in 
dry weight of the roots is even higher, because of dry matter loss due to leaf fall. 
In Fig. 3b, however, the pattern is quite different. Here the actual living shoo 
and total dry weight are both corrected for the calculated losses. The first part o 
the curve, which is almost the same for all treatments, continuous until a point 
between 17 July and 1 August. In this first phase about 70% of the dry matter produced 
is used for shoot growth and only 30% for root growth. In the second part of the 
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Fig. 3. Relation between actual harvested (a) 
and calculated (b and c) shoot and total dry 
weight of a sugar-beet crop with different rates 
of nitrogen. 
curve the distribution pattern for the treatments diverge: for Treatment 1 about 70% 
of the dry matter produced is now used for root growth and 30% for shoot growth; 
for Treatment 5 55% for root growth and 45% for shoot growth. As soon as the 
extra nitrogen dressings are stopped in treatments 2 and 3, the distribution pattern 
becomes similar to that of Treatment 1. 
In Fig. 3c the calculated dry weight losses are reduced by 25%. The pattern of 
the curves is the same as in Fig. 3b, only the distribution data in the second part 
of the curves is different. In this case 40 and 26% of the dry matter produced is used 
for shoot growth for treatments 5 and 1, respectively. 
In Fig. 4 the calculated dry weight of laminae and petioles is plotted against the 
calculated total dry weight. Here again, the points are in two straight lines. In the 
first phase, in which the data for the treatments 1 and 5 are almost equal, about 40% 
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of the dry matter produced is used for the growth of the laminae and about 25% for 
the growth of the petioles. In the second part of these curves the lines for the treat-
ments 1 and 5 differ so that in Treatment 1 a smaller amount of the total dry matter 
produced is used for the growth of petioles and laminae than in Treatment 5. 
In Fig. 5 the calculated dry weights of laminae and petioles are plotted against 
the calculated dry weight of shoots. Here it is shown that the distribute of dry 
matter within the shoot is the same for both the extreme treatments, and does not 
change when the calculated losses are reduced by 25%. The difference between the 
treatments is the higher yield for Treatment 5 compared with Treatment 1. In the 
first phase, which is now, at least for the petioles, less pronounced, about 60 /„ of 
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Fig. 6. Relation between the sugar yield and the 
~400 800 1200 1600 2000 calculated total dry weight of a sugar-beet crop 
total yield (g DM m"2) with different rates of nitrogen. 
the dry weight of shoots is stored in the laminae, 35-40% in the petioles and the 
remainder (0-5%) in the crowns. In the second phase, these data are ±40% for the 
laminae, +50% for the petioles and the remainder for the crowns. 
In Fig. 6 the sugar yield is plotted against the total calculated dry matter. In the 
first phase, until the end of June, about 17 g out of 100 g total dry matter produced 
is stored as sugar. In the second phase this amount increased to 40 g for Treatment 5. 
Up to September about 48 g per 100 g total dry matter produced is stored as sugar 
for Treatment 1. Still later in the season this increases to about 70 g, or 74 g when 
the calculated dry weight losses are reduced by 25%. This implies that for Treatment 1 
the total increase of dry matter in the root in this last period is sugar and that there 
is almost no increase in sugar-free root dry weight (Table 5h). 
All these distribution figures are summarized in Table 11. 
Treatments 2, 3 and 4 tend to maintain their distribution pattern as in Treatment 
5 as long as enough nitrogen is present. They change to the distribution pattern of 
Table 11. Distribution of the calculated dry matter (%) in different plant parts of a sugar-beet crop 
with different rates of nitrogen. 
Shoot Root 
petiole laminae crown total sugar sugar-free total 
Growth period 1 (till the end of July) 
Treatment 1 and 5 25 40 0-5 70 17 13 30 
Growth period2 (endof July-end of October) 
Treatment 1 beginning 13-C16)1 9-(13) 4 26-(32) 48 20-(26) 68-(74) 
Treatment 1 later on 13-(16) 9-(13) 4 26-(32) 68-(74) - 68-(74) 
Treatment5 20-(23) 16-(18) 4 40-(45) 40 15-(20) 55-(60) 
1. Depending on the way of calculation. 
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Table 12. Percentage of ground covered by the shoot of a sugar-beet crop. 
Date 
Angle of incidence 









ca. 100 ca. 100 
Treatment 1 when there is sufficient nitrogen for unlimited growth under these 
circumstances. This means that the third phase, the ripening phase, only shows up 
when there is a lack of nitrogen. 
3.2.4 Soil covering rate 
In the beginning of the experiment, the percentage of soil covered by leaves, was 
measured by looking through a camera obscura at a plot, (Baeumer & de Wit, 1968). 
The camera obscura was placed at the corners of the plot and made an angle with 
the field of 30 or 60 degrees. As the camera was rotated, it was noted whether spots 
on an arc of the plot were covered by plant material or not. 
In the very beginning of the growth of this sugar-beet crop, on 20 June, the per-
centage of soil, covered by the shoots, was very small (Table 12). But about 14 days 
later, half of the field was covered and another 14 days later almost the entire soil 
area was covered by plant material. 
3.2.5 Growth rates 
The growth rate (GR) in g-m~2 soil area per week was calculated with GR= 
(W2-Wi)/(t2-t1), in which W=dry weight of the crop, and f=time. 
This growth rate can be calculated for the whole crop or for every plant part such 
as shoot and root; similarly the accumulation rate for sugar can be estimated. 
Furthermore, these growth rates can be calculated from the actual harvest values 
or from the calculated harvests. In the latter case, the growth rates give an impression 
about the rate of new production of dry matter. 
As soon as leaves die off, the crop growth rates, based on the calculated harvest 
data, are higher than the corresponding rates, based on the actual harvests. The crop 
growth rate (CGR), based on the calculated harvest data (Table 13) increased from 
about 100 g-m~2-week_1 (=±140 kg-ha_1-day_1) in the beginning of July to 
180-200 g-m_2-week_1 (=260-280 kg-ha_1-day_1) at the end of August. In 
September and October these rates were lower, but unfortunately fluctuated. The 
mean values for the period 4 July - 29 August (period of more or less linear growth) 
and for the period 29 August - 24 October (period of diminishing growth) were much 
higher in the first period than in the second period. The lowest CGR values were 
found in treatments 1 and 2. The crop growth rate, based on actual harvested yields, 
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Table 13. Growth rate of a sugar-beet crop with different rates of nitrogen. 
Treatment Yield data 
4/7 18/7 1/8 15/8 29/8 12/9 26/9 10/10 24/10 
a. On the basis of calculated yields (g-nr2- week-1) 
1 85 163 129 198 82 162 - 4 8 
2 100 151 153 151 82 111 88 
3 162 187 126 20 75 
4 140 58 147 
5 72 
b. On the basis of actual {harvested) yields (g • nr* • week-1) 
1 86 161 116 135 87 137 - 6 9 
2 98 138 143 132 73 58 74 
3 145 159 120 - 2 3 58 






























Table 14. Rate of increase in dry weight of sugar-beet 
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showed the same trend as the crop growth rate, based on calculated yields, but with 
lower data. 
The data for the rate of increase of the shoot dry weight in the two different growth 
periods showed high values in the first period with somewhat lower values for 
treatments 1 and 2 (Table 14). The calculated rates of increase in shoot weight for 
the second period (29 August - 24 October) showed that for Treatment 1 new shoot 
material was also produced. This production of new material was seen in the field 
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Table 15. Rate of increase of dry weight and sugar in roots of a sugar-beet with different rates of 
nitrogen. 
Treatment Yield data 
4/7 18/7 1/8 15/8 29/8 12/9 26/9 10/10 24/10 4/7-29/8 29/8-24/10 
a. Rate of increase of dry weight (g • w 2 • weekr1) 
1 31 80 82 




b. Rateofaccumulation of sugar (g-
1 18 52 58 

































































too, although it did not show up in the rate of increase of shoot dry weight, based 
on the actual harvested amounts. When the calculation was based on actual harvested 
amounts this rate of increase of shoot dry weight was even negative. 
In the very beginning the rate of increase of root dry weight and the sugar ac-
cumulation rate were low (Table 15). Thereafter these rates increased till at the end 
of August the highest production rates were obtained. In September and October 
these rates were lower, but still high compared with the rate of increase of shoot 
dry weight (Table 14). 
The rate of increase of the leaf area index was very high in the first weeks of the 
growth period and afterwards decreased (Table 16). Between the treatments the 
differences were clear from the beginning. The rate of increase of measured leaf area 
was already negative for all treatments at the end of August. This indicates, as was 
explained earlier, that the losses in leaf area in this period were already higher than 
the newly formed leaf area. 
To calculate the net assimilation rate (NAR), a quadratic relationship between 
dry weight and leaf area was assumed (see Chapter 1). This function fitted the data 
very well up to the end of August. From that time the measured leaf area decreased 
with increasing total dry weight. Only the actual harvested values were used in the 
calculation, because the leaves that had fallen off did not contribute any more to. 
the production. The results gave high values of 60-80 g-m"2 • week'1 in the beginning 
of the growth period (Table 17). Then NAR decreased to very low values and late 
in the season even became negative. 
In the same way as for the NAR, a sugar accumulation rate was calculated. This 
sugar accumulation rate represents the increase in g sugar-m-2 leaf area per week. 
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Table 16. Rate of increase in leaf area index of sugar-beet with different rates of nitrogen. 
Treatment Yield data 
4/7 18/7 1/8 15/8 29/8 12/9 26/9 10/10 24/10 
a. On the basis of calculated leafareas(m2-m-2-week-1) 
1 0.46 0.62 0.36 0.21 0.09 0.13 
2 0.60 0.71 0.38 0.20 0.06 0.27 
3 0.57 0.26 0.15 0.07 
4 0.46 0.10 
5 
b. On the basis of measured leaf areas (m2 • mr2 • week-1) 
1 0.46 0.46 0.08 -0.07 -0.17 -0.10 
2 0.60 0.52 0.10 -0.07 -0.22 0.00 
3 0.28 -0.03 -0.15 -0.21 






























Table 17. Net assimilation rate of a sugar-beet crop with different rates of nitrogen. 
Treatment Yield data 
4/7 18/7 1/8 15/8 29/8 12/9 26/9 10/10 24/10 
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Table 18. Sugar accumulation rate of sugar-beet with different rates of nitrogen. 
Treatment Yield data 
4/7 18/7 1/8 15/8 29/8 12/9 26/9 10/10 24/10 



































Again, a quadratic relationship between sugar weight and leaf area was assumed. 
This function fitted the data fairly well for the beginning of the season. This rate 
was lower for treatments which were fertilized with nitrogen repeatedly (Table 18). 
For most treatments the highest rates were found in August. 
3.3 Discussion 
Because the sugar yields of the treatments were almost equal (Table 5d) the discus-
sion of the results of this field trial is restricted to the effects of split nitrogen dressings 
and to the effects of the calculated losses on the various characteristics. 
The calculation of losses in leaf area and dry matter, both due to leaf fall, was based 
on several assumptions (Section 3.1). One assumption, namely that the leaf area and 
especially the dry weight of a leaf will not change during senescence, is questionable. 
Normally, dry material of different origin will be transported from older leaves to 
younger developing leaves and to the root (see also Section 4.5). To get an idea about 
the amount translocated, let us suppose that the amount of organic nitrogen (N-
Kjeldahl) translocated to younger plant parts during the period of senescence of older 
leaves is about 85 proteins-kg-1 dry matter (see Section 4.4). The amount of dry 
matter in the leaves at the end of their life span has therefore decreased by 8-10% 
with this form of nitrogen transport. 
The estimate for the loss of dry matter, based on 3/5 part of the five oldest, living 
leaves that die off in the 14 days after a harvest date, was too high, at least in the begin-
ning of the growth period. In this period the dry weight of each of the succeeding 
numbered laminae increased up to a maximum till about leaf number 121. The losses 
in dry weight as calculated in this experiment were again about 8-10% too high be-
cause the differences in weight of the succeeding leaves were neglected1. 
For these reasons, the dry matter losses due to leaf fall were calculated again assum-
ing that the earlier calculations were about 25% too high (see Section 4.4). 
The calculated losses in this experiment for the different treatments should therefore 
be considered as maximum losses. They were for the LAI 3.2-3.9 units (Table 4a) and 
for the dry matter 4100-4600 kg-ha-1. When the calculated dry matter losses were 
reduced by 25%, the loss of dry matter was 3000-3400 kg dry matter-ha"1. 
The number of leaves lost during the growing season was calculated to be 21 per 
plant in this experiment with a plant density of 75000 plants-ha"1. At a lower plant 
density (67000 plants-ha"1), Humphries & French (1969) found a loss of 17-18 
leaves per plant at the end of the season. 
Although loss of leaves in the period of increasing leaf area and shoot dry weight 
have been reported (French & Humphries, 1969; Humphries & French, 1969; Loorms 
& Nevins, 1963;*ollet et al., 1970; Loach, 1970) literature only gives data of losses 
as a decrease in shoot dry weight and as a decrease in leaf area in the last part of the 
1. F. van Egmond, pers. commun. 
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season. The leaf area losses (as LAI), calculated from the growth curves and data of 
Folletet al., (1970) and Storer et al., (1970) were 2-3.5 units. They were lower when 
extra nitrogen was applied later in the season (Loomis & Nevins, 1963; Campbell & 
Viets, 1967). The shoot dry matter losses were very low or zero when calculated from 
the data of Follet et al. (1970), or of the order of 2000-3000 kg-ha -1 when calculated 
from the data of van Ginneken (1966) and Liidecke & Nitzsche (1959). 
When the calculated losses of leaf dry weight are included in the production pattern 
of this sugar-beet crop, a growth scheme can be developed, which in some respects is 
different from the generally accepted growth schemes. A production pattern is the 
distribution of the total dry matter produced over the different plant parts in time. 
When enough nitrogen was available for unlimited growth in this crop situation, 
the development of the sugar-beet crop could be divided into two phases. In the first 
phase, which lasted till the end of July, about 70% of the produced dry matter was 
used for shoot growth and the remainder for root growth. In the second phase these 
percentages were 40-45 for shoot growth and 55-60 for root growth. A third phase 
of development, the 'ripening phase' (van de Sande Bakhuysen, 1950; Bouillenne et 
al., 1940) was not found. The crop, dressed with an amount of nitrogen too low for 
unlimited shoot growth (Table 5a, Treatment 1), stored 26-32% of the dry matter 
produced in the shoots and the remainder in the roots in the second phase2. In this 
treatment with a restricted nitrogen dressing, the 'normal' pattern of enhanced root 
growth was found. A third growth phase became evident at the moment that no more 
sugar-free dry matter accumulated in the roots (Fig. 6). In Treatment 5 up to the end 
of the growth period sugar-free dry matter was formed in the roots. In treatments 2 
and 3 the distribution of the dry matter produced changed as soon as the nitrogen 
became more or less depleted. From that time onwards the distribution of the pro-
duced dry matter was almost equal to that of the plants of Treatment 1 (Fig. 3). The 
same holds for the distribution within the root (Fig. 6). This suggests that the ripening 
phase (van de Sande Bakhuysen, 1950; Bouillenne et al., 1940) may be a physiological 
status induced by a limited availability of nitrogen for shoot growth. It is also possible 
that the ripening phase is described in literature because losses due to leaf fall have been 
ignored. 
Normally, the measured quotient shoot dry weight over root dry weight decreases 
throughout the season. A value of 0.7-0.8 at the time of harvest is supposed to be op-
timum for sugar yield (Liidecke & Miiller, 1965). The distribution pattern of dry 
material in this experiment between shoot and root (Table 11) implies that this value 
is more than one in the first development phase and gradually decreases to less than 
one in the second phase. This decrease in value during the growth season will be also 
found for the calcaluted yield, but the decrease will be faster when dry matter losses 
are ignored. In this experiment the quotient shoot dry weight/root dry weight for the 
measured yield decreased from 2.1-2.5 in the middle of July to 0.37 (Treatment 1) 
2. The amount of nitrogen was, however, sufficient to develop a leaf area which covered the soil 
completely. 
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and 0.66 (Treatment 5) at the final harvest. Based on the calculated shoot yields, this 
value decreased to 0.68 and 0.99 respectively, or, if the calculated losses were reduced 
by 25%, to 0.57 and 0.88, respectively. So, even with a low value of 0.37, based on 
actual harvest data, a high sugar yield of 7000 kg-ha"1 was obtained. 
The distribution of dry matter within the shoot was equal for all treatments (Fig. 5). 
In the first development phase, more dry matter was used in growth of laminae (± 
60%) than in growth of petioles (35-40%). In the second growth phase just the op-
posite was the case ( + 4 0 and ± 5 0 % resp.). The same enhanced growth of laminae 
in the beginning of the season has been reported often in literature (Milford & Watson, 
1971; Humphries & French, 1969; French & Humphries, 1969; Follet et al., 1970). 
Therefore the quotient laminae dry weight over petiole dry weight will be more than 
one in the beginning of the season and gradually decrease to less than one at the end 
of the season. The values of the quotient in this experiment were 1.5-1.6 on 18 July 
and 0.9-1.0 at the final harvest. This decrease was enhanced by the loss of leaves be-
cause the dead leaves had higher quotients than the living ones. 
The distribution of dry matter in the root between sugar and non-sugar material 
was also the same for all treatments until no more sugar-free dry matter was built up 
in the roots. In the first development phase about 60% of the weight increase of the 
beets was sugar and 40% was non-sugar. In the second phase these percentages were 
± 70 and ±30 respectively. This distribution pattern is also seen from the sugar per-
centage on dry matter basis. In the first phase it was almost 60% and in the second 
phase it increased gradually to ± 75% (Treatment 1) and ±70% (Treatment 5). 
There was a clear linear relationship between the percentage sugar (on fresh weight 
basis) and the percentage dry matter of the root (Fig.7). In this experiment the per-
centage dry matter of the roots minus 4.5 equals the sugar content. Nitzsche & Winner 
(1970) found for several experiments with sugar beets in different years the relation: 
% dry matter - 6.8=% sugar 
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This relation indicates that it is very difficult to observe a difference in distribution of 
dry material within the roots as a result of differences in the nitrogen fertilization. 
The marked change in development from phase one to phase two in this experiment 
was somewhere between 18 July and 1 August. In that period the soil was entirely 
covered with foliage (Table 12). Because of the late sowing date (5 May) the change 
over from phase one to phase two was relatively late in the season. The date at which 
the soil was fully covered was also late for the same reason. It was not clear what the 
reason was for the marked change in development of this sugar-beet crop. That the soil 
was covered completely at that time could be a coincidence. 
In the period, when the soil was not completely covered by green cover, the main 
part of the dry weight increase was used for the growth in size and number of laminae. 
During this period the dry matter production per unit leaf area per week (NAR, Table 
17) was highest for the entire growth period. The same holds for the increase in leaf 
area (Table 16). Later in the growth season these values decreased. A decrease with 
time of NAR is in agreement with data presented by Watson (1958), Campbell & 
Viets (1967), Storer et al. (1970), Follet et al. (1970) and others. A high NAR in the 
early period means that the leaves, present at that time, produce dry matter most 
efficiently. These leaves were also very efficient in producing sugar (sugar accumula-
tion rate, Table 18) and new leaf area (Table 16). The highest values of NAR were 
reached in this experiment with a LAI of 1.5-2.0 (Table 5c), which is lower than that 
found by Campbell & Viets (1967), Storer et al. (1970) and Follet et al. (1970). They 
found the highest values for NAR when LAI was between 2-4. However, radiation, 
earliness of the crop and a more or less erect position of the leaves will also influence 
these LAI values for maximum NAR (Follet et al., 1970). 
The most efficient leaves which arise early in the season, however, do not grow large, 
especially the leaves formed first had small laminae (Fig. 2a and b). The same was 
found by French & Humphries (1969), Humphries & French (1969) and Fernando 
(1958, cited by Watson (1963)). Excluding the coleoptiles, the largest leaves were 
situated around leaf number 8 for Treatment 1 and around leaf number 13 for Treat-
ment 5 with a largest mean area of 260-280 cm2. The leaves formed later were smaller 
again. 
The course of development in area and weight of the leaves could be explained by 
the following hypothesis. The relative small number of leaves present in the beginning 
of development are subject to stronger competition with the newly formed leaves than 
leaves formed in the later stages of development. Although the leaves formed first are 
very active in production, the material produced is transported rapidly elsewhere to 
form new leaves and root. Thus the early formed leaves have less oppertunity to in-
crease their own area and weight. Later formed leaves, around leaf number 10 and 
higher, are in a much less competative situation. The need for the supply of dry ma-
terial for the formation of new leaves is now divided over numerous older leaves and 
therefore enough assimilate is available to enlarge their own area. The number of 
leaves that could reach the mean maximum areaJn this experiment was also restricted 
by nitrogen. About 15 leaves from Treatment 5 could enlarge their mean area to at 
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70 Fig. 8. Development of the area and weight of 
leaf number subsequent leaves of a sugar-beet plant. 
least 200 cm2, but only two leaves from Treatment 1 (Fig. 2a and b) reached that mean 
maximum. Individual leaves reached much larger areas, even more than 600 cm2. The 
leaves that developed later than those with a mean maximum area and weight, were 
also in a less competative situation than the earlier ones. However, these leaves could 
not grow large due to lack of nutrients (N), light (lower light intensities and shadow-
ing), water, and possibly other growth factors. Furthermore, for many of the leaves, 
developed late in the season, the available growing period was too short to reach large 
areas and high weights (Fig. 8). 
The dry matter increase per unit soil area per week for the whole crop was highest 
in the beginning of the second growth period in August (Table 13). Especially the rates 
of increase of root dry weight and sugar (Table 15) were high in this period. The same 
high sugar-accumulation rate in this early period is often reported in literature (e.g. 
van Ginneken, 1956; Ludecke & Nitsche, 1959). Although the rate of the dry matter 
production per unit leaf area in this period was lower than in the preceding period, 
the situation for the crop was more favourable because of still relatively high light in-
tensities in that period together with a high LAI (Table 5c). Later in the season the 
accumulation rates of dry matter and sugar were lower than in the preceding period. 
Although the temperature decreased, the light intensity decreased even faster and 
therefore the dissimilation losses were relatively high. However, the leaf area in this 
late period was still relatively high. . 
The influence of extra nitrogen applications was clearly demonstrated in higher 
growth rates for shoots (Table 14) and for leaf areas (Table 16). These growth rates 
were low (Treatment 5) to very low (Treatment 1) at the end of"the season bu new 
shoot material (dry weight and leaf area) was still produced. Each additional nitrogen 
dressing resulted in an extra increase of the LAI by 0.5 unit one month after the date 
of application. At the same time the sugar content was reduced by about1 /„. Only 
the last additional nitrogen dressing did not influence the growthcharac^mtic of 
sugar-beet. The crop of Treatment 5 reached maximum shoot yield based on actual 
data) one month later than the crop fertilized only once (Treatment 1). 
The influence of nitrogen on the percentages of sugar or dry matter was clear: high 
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Fig. 9. Hypothetical scheme of the in-
fluence of additional nitrogen during 
the growth season on some growth 
characteristics of a sugar-beet crop (1, 
2, 3 and 4 are the numbers of extra 
nitrogen dressings). 
percentages with low nitrogen dressings and increasing values during the season. The 
effects of additional nitrogen dressing on some growth characteristics of sugar-beet 
are summarized in Fig. 9. 
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4 Mineral composition of sugar-beet 
4.1 Losses due to leaf fall 
As a result of some assumptions (Section 3.1) it was possible to get an idea about 
the dry weight and leaf area losses due to leaf fall. The same procedure can be followed 
for minerals. . • _. 
The mineral composition of the dead laminae and petioles was estimated. The 
mineral losses were calculated by multiplying the contents on a certain harvest date 
by the dry weight losses in the preceding 14-day period (see section 3 1). 
The calculated losses in meq-nT2 soil area are given in Table 19. In Table 20 the 
uptake in kg-ha"1, based on the actual amounts harvested on 24 October is given 
together with the calculated uptake on the same date. This calculated uptake is he 
amount of minerals in the living part of the crop on 24 October increased with the 
accumulated losses for the entire season (Table 19). The losses were calculated a se-
cond time, assuming that the calculated losses in dry weight were 25/0 too mg£ 
Although it can be expected that the losses of some elements, such as K and^U3, 
are higher than calculated here (due to leaching of the leaves by rain duringifacpenod 
of senescence) the data from Table 20 give an impression of the total mineral.v&ata 
The calculated losses of minerals from Treatment 5 were nearly d w ^ t o 
those from Treatment 1, especially the nitrate and N-Kjeldahl losses. Theflosses o 
Na, Ca, Mg and CI in both treatments and N0 3 only in Treatment 1 were almost equal 
Table 19. Accumulated mineral losses due to leaf fall (meq. nr 2) 
N a K Ca Mg H2PO< NOa CI S04 N-Kj. C - A 
















458 581 13 
344 435 10 
7 107 42 197 837 
22 298 7 120 398 
29 405 49 317 1235 
22 304 37 238 927 
48 115 40 360 960 
88 393 8 252 416 
136 508 48 612 1376 
102 382 36 459 1030 
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Table 20. Uptake of minerals by a sugar-beet crop based on the harvest date at the end of the season 
(24 October) with and without the calculated losses (kg • ha_i). 
a. Treatment 1 
shoot 
root 
uptake as harvested 
calculated uptake 




uptake as harvested 
calculated uptake 





















































































































































































Treatment 5 (calc.) 
Treatment 1 (calc.) 
Treatment 5 (as harvested) 
Treatment 1 (as harvested) 
von Boguslavski & Jacob 
(1957) 
Ludecke & Nitzsche (1959) 
Anonymus (1967) 
Ludecke & v. Muller 
(1965) 
to the actual uptake on 24 October. For K, H2P04 and N-Kjeldahl in both treatments 
and N0 3 and S04 in Treatment 5 the losses were lower than the harvested uptake. 
If 60% of the nitrogen fertilizer is used during the growth period, the amount of 
nitrogen delivered by this soil is 135-146 (actual uptake+losses)-72 (=60% of 
fertilized)=63-74 kg N-ha - 1 in Treatment 1. 
In a trial field of 20 cm soil depth, with an organic matter content of 3.3%, of which 
50% is C, and a C/N value of 10, there is almost 3 300 kg N in organic form per ha. 
38 
If mineralization is 2%, about 66 kg N becomes available for uptake during the 
growth period. This amount is comparable to the earlier calculated amount. 
A comparison of the calculated uptake of sugar-beet with uptake data from literature 
(Table 21), reveals that the data from this experiment are much higher, except for 
phosphorus. When the losses due to leaf fall were included, the uptake of elements 
with high concentrations in the other plant parts was much higher (see Section 4.2.1). 
Compared to the total crop, the fallen leaves were rich in Na, Ca, Mg, ( C - A) and 
poor in N-Kjeldahl, H2P04 and K. 
4.2 Mineral content in different plant parts during growth 
Most of the analytical data are presented in figures 10-153. 
Naturally there are inaccuracies in the analytical data. An important error is intro-
duced during harvesting, when the sugar-beet plants are damaged. When the plants 
were separated into shoot and root and during the transport to the laboratory some 
of the older leaves broke off. Therefore the content of an element in the laminae or 
petioles could refer to the group of leaves 2-6 or 7-11 instead of 1-5 or 6-10. 
4.2.1 Content in laminae and petioles 
The mineral content of laminae and petioles depends on leafage and on the course 
of the growth season. Data are presented in figures 10-13. First the differences in 
mineral content of laminae and petioles of different age will be discussed. 
The contents of Na, Ca, Mg, N03 , CI, total cations, total anions and ( C - A ) w w 
higher in old laminae and petioles than in young ones. The t^^*™***™ 
content and (C-A) content between the petioles of the group 6-10 and th> rest were 
small. The differences in the total anion content of the different groups of laminae, 
especially those of Treatment 1 were not clear.
 Mtin^ were 
The contents of K, HJPO. and N-Kjeldahl in the old lannnae - ^ ' ^ 
lower than in the
 yo„„g one,, except for the K « - - * £ £ £ £ £ 
content was highest in most harvest data, especially in the beginning 
The pattern of the SC4 content in the green laminae was the same as to^^ 
of Na, Ca, etc., i.e. the older the material the higher the content ^ Q j ^ t e n t c * 
the dead laminae was between the contents of the living l*m™-™l^™Con-
S04 content in the living (green) petioles, however, was the same.a. hat f o h con 
tent of K, H2P04 and N-Kjeldahl. The S04 content of the dead petioles has again 
Mg content in the laminae of the different groups decreased th oughout th 
(figs. lOand 11). BecausetheMgcontentwasvery high compared to the other 
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Fig. 10. Mineral content (meq-kg-1 dry matter) in laminae of different age of a sugar-beet crop 
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the same decrease was found in the total cation content and also in the (C-A) con-
tent, although it was not so clear in the younger laminae. 
The same decrease in content was found for Na and Ca, especially in the second 
half of the growth period. However, the K content in the green laminae first decreased 
and then steadily increased. Between treatments 1 and 5 there were large differences in 
the N0 3 and the N-Kjeldahl contents. For Treatment 1 the N0 3 content in the laminae 
decreased rapidly to a very low value in contrast to the high and fluctuating values for 
Treatment 5. The N-Kjeldahl content in the green laminae of Treatment 1 decreased 
gradually and was constant in the dead laminae. For Treatment 5 this content in the 
green laminae increased slightly after an initial decrease. In the dead laminae of Treat-
ment 5, the N-Kjeldahl content increased rather quickly with time upto a more or less 
constant value at the end of the season. The CI content in the laminae was very ir-
regular. The S04 content increased first and decreased at the end of the season. The 
H2P04 content was most stable with very little change in Treatment 5, and a slight 
increase in Treatment 1. 
The mineral content of the lamina differed from that of the petiole of the same leaf. 
The N03 and CI contents were much higher in the petioles than in the laminae (Figs. 
12 and 13). Furthermore, in the beginning of the season both the Na content and the 
K content in the dead leaves were higher in the petioles than in the laminae. 
As a result of the higher N03 and CI contents in the petioles, the total anion con-
tent was also highest in the petioles. The contents of the other elements estimated were 
lower in the petioles than in the laminae. 
During the growth period the change in mineral content in the petioles was for some 
elements very consistent as it was in the laminae. The N0 3 content in Treatment 1 
decreased rapidly to very low values. For Treatment 5 the N 0 3 content also decreased, 
but remained rather stable for the last two months at a much higher value than for 
Treatment 1. The CI content decreased throughout the season. Because of the very 
high content of CI compared with the other anions, the change in content of total 
anions was more or less the same as for the CI. The S04 content increased after a sharp 
decrease in the beginning. This increase in S04 content was particularly evident in the 
youngest petioles. During the growth period, the H2P04 content in the petioles was 
the most stable as it was in the laminae, with the exception of the youngest petioles. 
In the green (living) petioles the H2P04 content for Treatment 5 was higher than for 
Treatment 1, but in the dead petioles it was equal for both treatments. 
The Na content in the dead petioles decreased. In the living petioles of Treatment 
1 the Na content was more or less stable. In Treatment 5, however, it fluctuated: 
tot a decrease until the end of August and an increase thereafter. The K content 
decreased gradually in the dead petioles but after a sharp decrease in the beginning 
remamed rather stable in the living petioles. At the end of the growth period there was 
some increase in the K content of the youngest petioles. The Ca content in the dead 
petioles fluctuated. In the living ones it decreased gradually, except for an initial in-
crease in Treatment 5. More or less the same trend was found for the Mg content. The 
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Fig. 12. Mineral content (meq-kgr1 dry matter) in petioles of different age of a sugar-beet crop 
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Fig. 13. Mineral content (meq-kg-1 dry matter) in petioles of different age of a sugar-beet crop 
during the season with a high rate of nitrogen. 
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In the younger petioles this content was stable after a decrease in the beginning of the 
growth season. 
The N-Kjeldahl content in the petioles decreased gradually with constant values for 
the last part of the growth period. The N-Kjeldahl content only increased in the 
youngest petioles at the end of the season. 
The (C-A) content in the dead petioles decreased throughout the season. In the 
living petioles, however, this content did not change during August, September and 
October. In this period the differences in content of all groups of living petioles were 
very small. 
4.2.2 Mineral content in shoot and root 
The contents of the elements analysed in the shoot are contents of a mixture of 
laminae, petioles and crowns including dead leaves present in the actual harvested 
shoot (Fig. 14). 
In young sugar-beet plants the Na content in the shoot increased from about 500 
meq to 1200 meq-kg-1 dry matter. Thereafter the Na content decreased very fast till 
18 July, followed by a slow decrease to about 600 meq-kg-1 dry matter at the end of 
the growth period. After the first extra dressing on 4 July the Na content of the shoot 
of plants of Treatment 5 compared to plants of Treatment 1 was firsthigher, thenlower 
and at the end of the season again higher. 
The Na content in the roots also increased in the first 14 days, but decreased there-
after to a low value of 10 meq-kg"1 dry matter for Treatment 1 and to about 40 meq-
kg"1 dry matter for Treatment 5 (Fig. 15). During the entire growth period the Na 
content in the beets of Treatment 5 was always the highest. The higher Na content was 
a result of the additional K dressing, supplied at the same time as the extra nitrogen. 
The K was given as K-40, which contains about 33% NaCl. 
The K content in the shoot remained at about 1300 meq-kg"1 dry matter during 
the first three harvest periods. During July this content decreased rapidly to 650-750 
meq-kg"1 dry matter and afterwards was almost constant. The constant level was 
higher for Treatment 5 than for Treatment 1. ^ -i
 Arv 
The K content in young roots on 6 June was very high (± 1370 meq-kg dry 
matter) but decreased rapidly to about 400 meq-kg"1 dry matter at the end of July. 
Thereafter the content decreased gradually to about 170 meq-kg" dry matter. In the 
last period the content in the beets of Treatment 5 remained higher than in Treat-
ment 1. . . j .. 
The Ca content of the shoot fluctuated. In the beginning of the growthperiod the 
Ca content increased from 550 to 700 meq-kg"1 dry matter, at the end of the season 
it was 500-550 meq-kg"1 dry matter. >>a\tn±a\ 
The Ca content in the roots dropped very fast in the first 6 weeksfromM0 to ± 6 0 
meq-kg"1 dry matter. For the rest of the season this content was stable with a some-
what higher value in the roots of Treatment 5. „, :„ tl,„ firct « 
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weeks followed by a decrease in content. Due to the fluctuations the differences be-
tween the two treatments were not clear. 
The Mg content in the roots decreased quickly from 500 to 100-150 meq-kg-1 dry 
matter during June and July. Thereafter the Mg content did not change very much. 
The differences between the treatments were small and irregular. 
The N0 3 content in the shoot increased the first month from 50 to 270 meq-kg"1 
dry matter. Thereafter this content decreased fast to almost zero at the beginning of 
September for Treatment 1. The plants of Treatment 5 had a much higher nitrate 
content in the shoot compared to Treatment 1. During August and September, the 
N0 3 content in these shoots was almost constant at 170 meq-kg-1 dry matter. Due 
to the last extra nitrogen dressing on 26 September, the nitrate content increased to 
about 220 meq-kg-1 dry matter. 
The N0 3 content in the roots increased in the first month from 150 to 350 meq • kg - x 
dry matter and decreased thereafter to almost zero at the end of August for Treatment 
1. In the beets of Treatment 5 the N0 3 content became more or less constant at 40 meq • 
kg - 1 dry matter at the end of August. 
The CI content in the shoots increased in the beginning of the season from 200 to 
about 600 meq-kg-1 dry matter. For the rest of the growth period it fluctuated around 
this value. On most harvest dates the content for Treatment 5 was somewhat lower 
than for Treatment 1. 
For both treatments the CI content in the roots was equal. It decreased from 400 
meq • kg - x dry matter for very young beets to 30 meq • kg - J dry matter in mature beets. 
The S04 content in the shoots decreased from 100 to 50 meq-kg-1 dry matter in 
the first 14 days and increased thereafter gradually to about 125 meq-kg-1 dry matter 
at the end of the growth period. The S04 content in the shoots of Treatment 5 was for 
most of the season lower than that in the shoots of Treatment 1. 
The S04 content in the roots was equal for both the treatments and it decreased 
gradually from 40 to 20 meq-kg-1 dry matter. 
The H2P04 content in the shoots decreased fast from 250 meq • kg - 1 dry matter 
in the beginning of the season to 75 meq • kg - 1 dry matter in the beginning of August 
For the rest of the growth period this content varied little. The differences between the 
two treatments were negligible. 
The H2P04 content in the roots showed more or less the same trend as in the shoots. 
Only in August, September and October did it decrease somewhat. The H2P04 con-
tent in the roots on 24 October were 40 and 25 meq • kg - x dry matter for the treatments 
1 and 5, respectively. 
The N-Kjeldahl content (almost N-organic) in the shoots increased from 2200 to 
3000 meq • kg - 1 dry matter in the beginning of the season. In Treatment 1, this was 
followed by a sharp and later by a gradual decrease to a content of 1200 meq-kg-1 
dry matter on 24 October. The N-Kjeldahl content in the shoots of Treatment 5 
decreased from 3000 to 2000 meq-kg-1 dry matter on 15 August and remained more 
or less constant for the rest of the season. 
In the roots, the N-Kjeldahl content increased in the first 14 days form 1300 to 
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1750 meq-kg"1 dry matter. Then it decreased gradually to 400 meq-kg"1 dry matter 
in the beets of Treatment 1. For Treatment 5 it decreased to 700 meq-kg"1 dry matter 
on 12 September and then increased to almost 900 meq-kg-1 dry matter on 24 
October. 
An overall picture of the contents of the different minerals is presented as the sum of 
anions (A), the sum of cations (C) and the (C-A) content. 
The total cation content in the shoots showed only small differences between the 
two treatments. After an increase from 2900 to 4000 meq-kg"1 dry matter in the 
first month, the total cation content decreased to a value of 2200 -2600 meq-kg" 
dry matter at the end of the season. Only in the last month was the total cation con-
tent in shoots of well fertilized plants higher than that in the plants dressed with less 
nitrogen. 
The total cation content in very young sugar-beet roots was very high (2400 
meq-kg"1 dry matter). However, it decreased first sharply and then gradually to 
about 400 meq-kg"1 dry matter on 24 October. During the whole season the total 
cation content of the beets of Treatment 5 was about 100 meq-kg J dry matter higher 
than that in the beets of Treatment 1. 
The total anion content in the shoots increased in the first 6 weeks from 600 to 
about 1000 meq-kg"1 dry matter and fluctuated for the rest of the season between a 
value of 800 and 1000 meq-kg"1 dry matter. On most of the harvest dates the anion 
content in the shoots of the well fertilized plants was a little higher. 
The total anion content in the roots was highest for the roots of Treatment 5. This 
anion content decreased from 800 meq-kg"1 dry matter on 7 June to about 100 - 120 
meq-kg"1 dry matter in the beginning of September. Thereafter it was more or less 
constant. , . . . 
The (C-A) content in the shoots showed the same trend as the total cation content. 
After an increase from 2300-3200 meq-kg"1 dry matter in the beginning it de-
creased sharply and then gradually to 1400 -1500 meq • kg" dry matter at the end of the 
growth period. The differences between the two treatments were small 
In the roots the trend of the (C-A) contents was also equal to that of the cation 
content. It decreased from 1500 meq-kg"1 dry matter in the beginning of the season 
to about 250 meq-kg"1 dry matter at the last harvest. Only from the end of August 
until the beginning of October was the (C-A) content in the beets of Treatynt 5 
about 100 meq-kg"1 dry matter higher than the (C-A) content of the beets of 
Treatment 1. 
4.3 Balance of uptake and utilization 
For a correct idea about the balance of uptake and ^ ^ o ^ £ 
minerals lost by leaf fall (see Section * W * « • » £ £ « * £ £ element, 
during the growth period is therefore ^ u l ^ t h e period preceding a harvest 
petioles, crown and beet to the accumulated losses in me pc v 
date. 
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The result is shown in Table 22 and Fig. 16. The uptake of minerals was higher in 
Treatment 5 than in Treatment 1 for all minerals, except H2P04 and S04. Because 
some minerals, especially N0 3 and S04, are metabolized to organic forms and the 
chemical estimation of plant material gives the minerals as such, one should keep in 
mind that the actual uptake will be higher than the apparent uptake based on the 
estimated value indicates. Marked differences were found in the amount of N-
Kjeldahl and N0 3 between plants of both treatments. In the uptake of N0 3 in 
Treatment 5 the direct influence of an extra dressing was shown by a stepwise increase 
in the amount of N0 3 present in the crop (dates of dressing were 4/7, 1/8, 29/8 and 
26/9). 
Most of the uptake curves were more or less linear from the starting of the sampling 
up to 29 August. After this date the uptake diminished. For these two periods the 
uptake was calculated in meq- m~2- week-1, based on the curves from Fig. 16 (Table 
23). For all minerals, except H2P04 and S04, the rate of uptake in the first period was 
highest for Treatment 5. In the second period the rate of uptake in both treatments 
was much lower, although for most minerals still higher in Treatment 5 than in 
Treatment 1. In the second period the rate of Ca uptake was equal for both treatments 
and there was no more H2P04 uptake. In the same period there was no increase of 
N-Kjeldahl in the plants of Treatment 1 whilst there was still an increase in (C—A) 
Table 22. Calculated uptake during the growth of minerals by a sugar-beet crop with high and low 
rates of nitrogen (meq -m-2). 
Date 












































































































































































































































































Table 23. Uptake of minerals (meq-m-^week-1) by a sugar-beet crop at low and high rates of 
nitrogen. 



































19 61 9 













or carboxylates. This prolonged increase in (C—A), after the increase in N-Kjeldahl 
stopped in Treatment 1, is also shown in Fig. 17. From this figure it is also clear that 
in Treatment 5 the production of (C—A) is almost equal to the production of N-Kjeldahl. 
Because part of the N0 3 in the plant material was included in the N-Kjeldahl data, 
the N-Kjeldahl production was somewhat higher than the N-organic production (see 
Section 2.4). 
When the calculated losses are reduced by '25%', the curves show a somewhat 
higher N-organic production than the (C-A) production in Treatment 5 (Fig. 18). 
Figures 17 and 18 show that from a date between 18 July and 1 August until the 
end of the growth period, the relation between the calculated dry weight and the cal-
culated uptake (or production) is linear. As these straight lines do not pass through 
the origin, the contents of total cations, total anions, (C-A) and N-Kjeldahl in the 
calculated dry matter are decreasing throughout the growth period. The differences in 
calculated contents of the last four harvests, however, were very small and almost 
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Fig. 17. Calculated yield (g-m-*) plotted against calculated uptake in meq-m-s of total anions, total 
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Fig. 18. As figure 17 but the calculated losses reduced by 25 %. 
From the calculated dry matter production and the calculated uptake or produc-
tion, the uptake of cations and anions and the production of (C-A) and N-Kjeldahl 
per 100 g dry matter produced was calculated (Table 24). This was done for the period 
starting from the beginning of August. In this period, the uptake (or the amount not 
yet metabolized by the plant) of cations and anions per unit dry matter was highest 
for the well fertilized sugar-beet plants (Treatment 5). The (C-A) production per 
unit of dry matter was also highest for the well fertilized plants but the difference 
between Treatment 5 and.Treatment 1 with regard to the (C-A) production was only 
Table 24. Uptake and production per 100 g total dry material (calculated) of a sugar-beet crop at low 
and high rates of nitrogen (from August 1). 






















































3 1 - 34 
25- 26 
1. The range shown is variation through different methods of calculation. 
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about 10%. Furthermore, the production of N-organic (N-Kjeldahl in this experiment) 
was equal to the (C—A) production for the well fertilized plants, or when the calcu-
lated leaf losses were reduced by 25% was about 10% higher. In the plants of Treat-
ment 1 the N-organic production decreased very soon to zero. The differences in up-
take and production of (C—A) were mainly found in the shoot. The data for the 
roots were almost equal, except for N-Kjeldahl, which was found in fairly large 
quantities in the roots of Treatment 5. In the shoot the largest differences in uptake of 
cations and anions were found in the petioles. 
4.4 Discussion 
In this section the importance of leaf fall on nutrient uptake will be discussed. Not 
only the magnitude of the losses due to leaf fall is of importance, but also the effect that 
ignoring these losses has on the calculation of a balance of uptake and utilization of 
cations and anions. Furthermore, the internal transport of nutrients in sugar-beet 
plants, will be discussed. 
The loss of nutrients was calculated from estimated contents in dead material and 
from assumed losses of dry matter. As was explained in Section 3.3, these calculated 
losses may be too high. The assumption that during senescence the dry weight of a 
leaf will not change is certainly questionable. The main cause for this change will be 
transport of organic nitrogen to other plant parts. The difference between the N-
Kjeldahl content in the dead laminae and the five oldest living laminae is for both 
treatments for most of the growth period about 1000 meq-kg-1 dry matter (Figs 10 
and 11). Thus during senescence about 1000 meq organic nitrogen/kg dry matter leaf 
must have been transported to other plant parts: that is lOOOx 14 mg N or lOOOx 
x 14 x 6.25 = 87 500 mg protein if the transport took place in the form of amino acids. 
Calculated on a dry matter basis this means a decrease in dry weight by this trans-
sport of about 8-9%. Because the differences in dry weight of the succeeding leaves 
were neglected, the estimates of the dry weight loss were an additional 8-10% too 
high (see Section 3.3). However to include all possible changes in dry matter, the 
losses in this experiment were calculated again with a reduction of 25%. The overall 
picture was not really altered by this recalculation. The real losses will probably be 
somewhere in between both sets of results. 
The result for both calculations shows an enormous loss of nutrients during the 
growth period, especially of those elements that reach high concentrations in older 
laminae and petioles. For those elements the losses may even be higher than the uptake 
based on the last harvest data, which is the normal uptake figure found in literature. 
Therefore in sugar-beet, which loses older leaves continuously, the real uptake is much 
higher than is given in literature (Table 21). The real uptake is much higher than is 
usually accepted, but the fertility status of the soil is not affected because the extra 
uptake is returned to the soil. 
In this experiment only the calculated uptake of phosphorus was equal or lower than 
the uptake data given in literature. This observation suggests that the amount of 
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phosphores available for this sugar-beet crop during the growth period may be limited. 
Even a slight P deficiency is possible, although there was no indication from the P 
content. 
All calculated uptake data were higher than data for the uptake based on the ana-
lysis of the last harvest. As minimum amounts of N, P and K were left in the dead 
material, this higher calculated uptake also holds for elements that were transported 
within the plant from old leaves to other plant parts. 
In agreement with the results of Kelley & Ulrich (1966) and van Egmond & Breteler 
(1972), the highest nitrate concentrations were found in the oldest plant parts. In this 
experiment relatively high concentrations were found in the oldest plant parts with, 
at the same time, very low concentrations in younger plant parts. These results mean 
that transport of nitrate in sugar-beet plants is difficult from old to young plant parts 
unlike the transport of organic nitrogen. The loss in nitrogen by leaf fall is increased 
by the 'accumulation' of nitrate in older plant parts. 
An increasing concentration (%) of nutrients in older plants parts may be brought 
about by accumulation of these nutrients and by transport of other material to other 
plant parts. Decreasing concentrations of nutrients in older plant parts may be 
caused by consumption of these nutrients (e.g. nitrate and sulphate), by transport to 
other plant parts and by accumulation of other forms of dry matter. 
To decide if transport or accumulation takes place, the same plant part must be 
examined continuously during growth. This examination is, however, very difficult, 
especially when plant material has to be sampled for chemical analysis. In this ex-
periment it was possible to calculate the amount of nutrients present in the laminae 
per leaf area. 
With an assumed loss of three leaves per 14 days (see Section 3.1), the laminae in the 
middle position, laminae 6 - 10, will become laminae 1 - 5 after one month of growth, 
and one month later will be dead laminae. With the measured areas of laminae 6-10 
and 1 - 5 and with the assumption that during senescence the leaf area does not 
change, the amount of nutrients-nT2 leaf area was calculated. The result is given in 
Table 25. The amount of dry matter • nT 2 leaf area was almost constant throughout the 
season with a value of 60 g-m"2, except for the laminae 6 - 10 on 29 August and the 
laminae 1 - 5 on 24 October which had higher to much higher weights per unit of 
area. If these unlikely high dry weight yields were excluded, the general trend was a 
decrease in the amount of K, H2P04 and especially N-Kjeldahl per unit of leaf area. 
These decreases were very clear at the transition from living to dead laminae. The 
changes in amounts of nutrients-m"2 leaf area for the transition from laminae 
6 - 10 to laminae 1 - 5 were not so clear and for some elements not even present. The 
amount of Ca, Mg and (C-A)-m-2 leaf area showed an increase with age, although 
not always too distinct, especially in the living laminae. 
The uptake of cations and anions and the production of organic nitrogen and ( C - A) 
per unit dry matter produced, can be divided into two different periods (Table 24 and 
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only be done when the calculated yield and uptake data are considered. In the first 
period, from the beginning of the growth period until a certain time between 18 July 
and 1 August, the uptake and production per unit dry matter produced was relatively 
high and for both treatments equal. In the second period which lasted till the end of 
the growth period, the uptake of ions and the production of N-organic and (C-A) 
per unit dry matter produced was much lower than in the first period. Moreover, the 
data for the well fertilized plants were higher than for the plants of Treatment 1, 
especially the uptake of cations and anions. 
The data of Treatment 5 indicated that the amount of N-organic and (C-A) 
produced was almost equal. Dependent on the calculation of the losses due to leaf 
fall, the amount of N-organic produced (or in this experiment N-Kjeldahl) was equal 
or somewhat higher than the amount of (C - A) produced. 
In this experiment the sugar-beet crop was grown under field conditions and the 
calculated data for yield and uptake were taken into consideration. The same result 
was found for young sugar-beet plants on culture solutions (van Egmond & Houba, 
1970 and Houbaetal., 1971). 
For well fertilized sugar-beet plants the production of N-organic and (C-A) was 
almost the same. Almost no decarboxylation could be shown in these plants. This was 
in contradiction to the findings in perennial ryegrass (Dijkshoorn et a!., 1968). Sugar-
beet plants which were dressed with an insufficient amount of nitrogen (for unlimited 
growth) stopped the production of N-organic almost completely when the nitrate in 
the plant was exhausted in about the middle of August. The carboxylate production 
continued, however, at a lower rate than in the well fertilized plants. This result is in 
agreement with those of Houba et al. (1971) for young sugar-beet plants on culture 
solutions. Most of the differences in uptake of cations and anions per unit dry matter 
produced were found in the data of the petioles (Table 24). 
The difference in nitrogen dressings was clearly shown by the great differences in 
N0 3 and N-Kjeldahl content in the root and the shoot. Although the influence of the 
last nitrogen dressing was not reflected in an increase in leaf area or an increase indry 
weight, this nitrogen was taken up by the plant, as can be seen by the increase in NO, 
content in the shoots during October (Fig. 14). The influences on the differences of the 
other cations and anions between the two treatments were very small or absent. 
Great differences, however, were found in the contents of cations and an.ons in 
laminae and petioles of different age. , , . ,. ..„„. 
The highest concentrations of Ca, Na, Mg and (C-A) were found m the o des 
laminae and petioles. The potassium content, however, was lowest » « * ^ * f 
laminae. It is well-known that potassium is transported from old plant parts towartj 
roots and younger leaves. A certain minimum concentration was found n>.dead 
laminae. This minimum concentration was 300-400 meq-kg"1 dry matter,^vh.cl w 
higher than the critical value of 250 meq-kg"1 dry matter mentioned ^ m a t u r e 
laminae (Ulrich et al., 1959). Somewhat higher values were found to***™*** 
the well fertilized plants. A minimum concentration was also found for N-Kjeldahl 
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in the dead laminae of Treatment 1 with a value of 1000 meq-kg-1 dry matter. For 
the well fertilized plants, the N-Kjeldahl in the dying laminae was not reduced to this 
same low value, except for the dead laminae at the start of the growth season. The 
result was an increasing concentration of N-Kjeldahl with time in the dead laminae of 
Treatment 5 to a value of 1700-1800 meq-kg-1 dry matter. Phosphorus was also 
transported from older plant parts to other plant parts, resulting in a minimum con-
centration of 25 meq H2P04 • kg" * dry matter in the dead petioles and 25-50 meq • kg"1 
dry matter in the dead laminae. According to Ulrich & Hills (1967) a critical con-
centration for H2P04 in petioles of sugar-beet is about 25 meq-kg dry matter, which 
is close to the concentration found in dead petioles in this experiment. 
Most nutrient contents in laminae and petioles of different age fluctuated with time, 
especially Mg in the laminae. Together with the potassium concentration in the dead 
laminae, the calcium concentration in the dead laminae and petioles was the most 
stable cation concentration with time. Unlike K, the Ca content was highest in the 
older plant parts. In this experiment, values of 1400-1600 meq Ca-kg -1 dry matter 
in the dead laminae and 600-800 meq Ca-kg -1 dry matter in the dead petioles were 
reached. 
According to the hypothesis developed in Section 3.3, the first leaves formed were 
very active in the production of dry matter, most of which was transported to other 
plants parts and there used for growth. The reduction of mainly nitrate in these leaves 
results in a production of organic nitrogen together with organic anions (Dijkshoorn, 
1962; de Wit et al, 1963). The produced organic nitrogen is very mobile and is trans-
ported to other plant parts. The organic anions, which for sugar-beets are mainly 
oxalates, are very likely immobile (van Egmond & Houba, 1970; van Egmond, 1971). 
They remain in the leaves, accompanied by cations such as Mg, Ca and, in sugar-beet, 
probably also Na. If we assume that there is almost no transport of organic anions 
from older leaves to other plant parts, the organic anion content or (C—A) content is 
a measure of the N03(S04) reduction activity of the leaves in the past. High (C-A) 
contents in the leaves reflect a high activity during their active lifetime. 
Figure 19 illustrates the (C-A) and N-organic contents in laminae of different age 
of a sugar-beet plant. 
The first laminae formed, which never became large or heavy (see Section 3.3), had 
the highest (C—A) contents. This means that they have reduced most nitrate. Leaves 
formed later reduced less nitrate. The difference in (C—A) content between the first 
dead laminae and the dead laminae at the end of the growth period was almost 
2000 meq-kg-1 dry matter. Consequently the leaves that died early in the season, are 
considered to have been much more active than those that died later in the season. 
The very high (C-A) content in these dead laminae is accompanied by about 50% 
Mg, 20% Na and 30% Ca in the beginning of the growth season. At the end of the 
season these figures are about 35% Mg, 15% Na and 50% Ca. The more or less 
constant Ca content in the dead laminae and petioles may account for the death of 
leaves: the Ca content was so high that these leaves could not continue to function 
normally. The Ca content in the dead plant parts was almost independent of the 
58 








12 16 20 
young 
number of laminae 
Fig. 19. Relation between number of leaf and 
organic N (x), C - A (•), sum of carboxylates 
(o) in a young sugar-beet crop with a high 
nitrogen fertilization (van Egmond, 1971). 
activity of the plant part during its lifespan. _ 
In the petioles, a large part of the (C-A) seems to be accompanied by Na. It is 
most likely, that the K in dead petioles is mainly present in ionic form, as is the case 
with CI. However, it is very difficult to decide with which cation the organic anions 
are precipitated, if they are precipitated at all. . 
The relatively high content of some elements in the dying plant parts imply a 
decrease in content of these elements in the remaining plant material, when the old 
plant parts are lost. This is shown in figures 14 and 15, where the decreasing contorts 
in the root and shoot are illustrated. In the root the decrease in nutrient content i 
mainly caused by an increase in sugar. When the contents of anions, catoons, (C A; 
and N-Kjeldahl in the roots were calculated on sugar-free dry matter (Hg. A»; i 
data, however, fluctuated. It seems that these contents, especially in the " W " ™ * * 
weight of the roots of Treatment 1, also decreased. In the shoots ^™™°f™* 
nutrient contents during the growth was partly caused by the loss of dry^mattewhich 
was rich in those elements. When these contents in the dry matter of th shoot were 
calculated under the supposition that no leaves died off (Fig. 21), the contendoftota 
cations, total anions and (C-A) remained almost equal ^ f ^ Z ^ J ^ 
until the end of the growth period. Only in the beginning of ^ ^ ^ 
these contents changefwith time. The c a l c u l i N oonteot in tte d i o o t t ^ ^ ^ 
decreased continuously, because there was little or no production * J * " ^ ^ 
in these plants (Tabled , In the period beginning « ^ ^ £ £ " t 
stant uptake of cations and anions per unit d^ matte,^pro
 a l 
productionof(C-A)andN-organic Figs. 17 and 18 and Tablezy- j *
 { 
results showed differences between the two treatments, resulting in differences 
calculated contents. 59 
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Fig. 21. Calculated content in dry matter of the shoot of sugar-beet with different rates of nitrogen. 
Most contents in the harvested shoot material changed with time. To assess the 
nutritional status of a sugar-beet crop with data from chemical analysis, not only the 
plant part sampled must be known but also its physiological age. If for a sugar-beet 
crop a certain (C—A) content is used as an indication for healthy growth, as was 
proposed for perennial ryegrass by de Wit et al. (1963), its dependence on age of 
tissue must be kept in mind. 
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5 Summary 
In a field trial, the influence of split dressings of nitrogen on growth and develop-
ment and on the chemical composition of sugar-beet was studied. The growth and 
development was measured from dry matter yields and from leaf area. The chemical 
composition was estimated from different parts of the crop, such as laminae ana 
petioles of different age, and from the root. 
During the growth period it became evident that for a correct mterpretatioa of 
growth, development and uptake of minerals, the loss by leaf fall could not be .gnorei 
In a number of plots it was estimated that from about the middle of July untI he end 
of the growth period, an average of three leaves were lost per fortnight Because21 
leaves died off during the growth period, 4100 kg dry matter per ha and 3.2 m eat 
area-m- soil area were lost at a low nitrogen supply. With high nitrogen application, 
these data were 4600 kg dry matter per ha and 3.9 m leaf area m • 
minerals by leaf fall was especially high for those elements that were, . « £ £ £ 
retained in the oldest leaves. Losses of 90-140 kg nitrogen per ha, f - ^ ^ T ^ 
per ha and 5-13 kg phosphorus (H2P04) per ha were ^^*™™*™ 
mineral losses are returned to the soil, they have little effect on soil fertd Uy. Ina study 
about a crop's growth, development and chemical composition, however, 
cessary to include these losses. , , „ , ,„ - nmduction 
By adding up these losses to the measured *°«>^Z£*£* fhTs experi-
pattern was found that deviated from the one mentioned in literam •
 t ^ 
ment sugar-beet with sufficient nitrogen showed only two £ « » £ d P ^ 
the first phase, most of the dry matter produced was used for ^ « ^
 b e e t o f 
the second phase most was used for the beet. More d ^ m a ! % ™ * _ Moreover, 
a crop with nitrogen shortage than of a crop well * ^ ^ ™ J i
 T h e moment 
in the crop with nitrogen shortage a third phase could * * * W ^
 o f n i t r o g e n 
at which this third phase started was probably related to ^ ^ ^ ^ ^ 
shortage. In this third phase, no increase in sugar-free dry ^ ^ ^
 u s e d tQ 
beet, whereas there was an increase in amount of sugar. ^
 distributed over 
maintain and increase the shoot material, was within eac p ^ ^ ^
 rf 
laminae and petioles with no dependence on the nitrogeni .'c a n i o n s { C -A) 
cations and anions and the production of organic nitrogen
 H o w e v e r > differences 
per unit dry matter produced was also constant within a v* ^ ^ 
between treatments with high and low nitrogen dressings w " e
 p e r u n i t o f t i m e w as 
In this experiment the greatest increase in dry matter an ^ ^ ^ greatest in 
in August. The increase in dry matter per unit leaf area per 
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the beginning of the growth period. The first leaves formed, which were very active 
in this period, could only reach a limited size and weight. The very high (C-A) con-
tent in dead leaves, especially in those at the beginning of the growth period, indicates 
that these leaves were very active in reducing nitrate (and sulphate). The first leaves 
formed remained small and low in weight. This could be explained by the hypothesis 
that these leaves could use little dry matter produced for their own area and weight, 
due to competition for the produced materials (proteins and carbohydrates) between 
these leaves and the new leaves. Maximum leaf area and weight was found for the 
10th to 15th leaf. The number of leaves that could reach this maximum area and 
weight depended on the nitrogen dressings. Leaves formed later did not reach this 
maximum size and weight due to shortage of light, water, minerals and/or time. 
Great differences within one harvest were found in contents of cations and anions in 
different plant parts, particularly in laminae and petioles of different age. Especially 
for Na, Ca, Mg and (C—A), highest concentrations were found in the oldest material. 
Also for N0 3 highest contents were found in the oldest petioles and laminae. For 
H2P04, K and organic-N the opposite was found. Minimum concentrations for these 
elements were found in the dead material. These were in the laminae for organic-N, 
K and H2P04 1000, 300-400 and 25-50 meq-kg-1 dry matter, respectively. In the 
petioles a minimum concentration was only clear for H2P04 with a value of 25 
meq-kg-1 dry matter. From the minerals with the highest contents in the oldest 
leaves, the Ca content was the most constant during the growth period. 
The decrease in contents of the sum of cations, the sum of anions, (C—A) and 
organic-N during the season in the shoot material could partly be explained by the 
losses due to leaf fall. By calculating the contents and assuming that no leaves were 
lost, almost constant contents were found from the middle of August onwards. 
Because in plant material most contents decrease with age, the critical values will be 
dependent on age. 
The extra dressings of nitrogen on 4 July, 1 August, and 29 August had an influence 
on yield, leaf area, content of dry matter and sugar content. The final sugar yield was, 
however, almost equal for the different treatments. Each additional nitrogen dressing 
resulted one month after application in an extra increase in leaf area index (LAI) by 
0.5 unit. The sugar content was at the same time reduced by 1 %. The last extra nitrogen 
dressing on 26 September, had no further influence on leaf area, dry matter yield and 
sugar yield, although there was a clear increase in N0 3 and organic-N content. 
62 
Literature 
Anonymus, 1967. Handboekje voor de landbouwvoorlichter. Proefstation voor de Akker- en Weide-
bouw, Wageningen, 182-183. . 
Baeumer, K. & C. T. de Wit, 1968. Competitive interference of plant species in monocultures ana 
mixed stand. Neth. J. agric. Sci. 16:103-122. 
Boguslavski, E. von, & Jacob, 1957. Faustzahlen fur die Landwirtschaft. Landwirtschaftsverlag 
GmbH.Hiltrupi.W. • . . . _,„„«,,„ 
Bouillenne, R., P. G. Kronacher & J. de Roubaix, 1940. fitapes morphologiques et chimiques dans Ie 
cycle vegetatif de la betterave sucriere. Publ. techn. Inst, beige Amehor. Better. 8:339 357. 
Boyd, D. A., P. B. H. Tinker, A. P. Draycott & P. J. Last, 1970. Nitrogen requirement of sugar beet 
grown on mineral soils. J. agric. Sci. 74: 37-46. . . . . 
Bremner, P. M., E. A. K. El Saeed & R. K. Scott, 1967. Some aspects of competition for light in 
potatoes and sugar beet. J. agric. Sci. 69:283-290. M-M-A bv 
Campbell, R. E. & F. G. Viets Jr., 1967. Yield and Sugar production by sugar beets asaffected by 
leaf area variations induced by stand density and nitrogen fertilization. Agron. J. 59. J4 ' 
Coic, Y., G. Fauconneau, R. Pion, et al., 1962. Influence de la deficience en soufre s u r ^ 1 . t i M g 
des substances minerales et le metabolisme de l'azote et des acides organiques chez 1 orge. Anu 
Physiol, veg., Paris 4: 295-306. „ „ . .„„,. •_ u:nio<rical 
Donald, C. M., 1961. Competition for light in crops and pastures. In: Mechanisms in biological 
competition, Cambridge Univ. Press, 282-313. , „.{i;„tinn in olants. 
Dijkshoorn, W.( 1962. Metabolic regulation of the alkaline effect of nitrate utilization m plants 
Nature, Lond. 194: 165-167. , . <.„,„m.„7<r pigments in 
Dijkshoorn, W., 1963. The balance of uptake, utilization and accumulation of the major elements 
grass. Proc. first Reg. Conf. Intern. Potash Inst. Wexford (Ireland), 43 62. 
Dijkshoorn, W. & A L. van Wijk, 1967. The sulphur requirements of ^ ^ S S ? . * 
sulphur-nitrogen ratio in the organic matter. A review of published data. v.
 t f 
Dijkshoorn, W., D. J. Lathwell & C. T. de Wit, 1968. Temporal changes in carboxylate conte 
rye-grass with stepwise change in nutrition. PI. Soil 24:369-390. Intern. Potash 
Egmond, F. van, 1971. Inorganic cations and carboxylates in young sugar beet plan . 
Inst., Bern, Coll. of Potassium in biochemistry and physiology. A-> t,v voung sugar beet 
Egmond, F. van & V. J. G. Houba, 1970, Production of carboxylates t o - * ; y 
plants grown in nutrient solution. Neth. J. agric. Sci. 18:182-187.
 r n n tent of sugar-beet 
Egmond, F. van & H. Breteler, 1972. Nitrate reductase activity and oxalate com 
leaves. Neth. J. agric. Sci. 20:193-198.
 r ... t r ( ,„ tment on growth of 
French, S. A. W. & E. C. Humphries, 1969. Persistent effects of seedling treatment 
sugar beet in pots. Ann. appl. Biol. 64:161-175. . .
 t d s u c r ose accu-
Follet, R. F., W. R. Schmehl & F. G. Viets Jr., 1970. Seasonal leaf area, dry we gu 
mulation by sugar beets. J. Am. Soc. Sug. Beet Techn. 16:235-252. suikerbieten geduren-
Ginneken, P. J. H. van, 1956. De minerale samenstelling van loaf en wortei 
de de groei, I en II. Meded. Inst. Ration. Suikerprod. 26: l31"^27 ,
 d a t i o n and leaf area index. 
Goodman, P. J. 1967. What determines sugar beet yields? 2. Plant pop 
Brit. Sug. Beet Rev. 35:171-172. 
63 
Houba, V. J. G., F. van Egmond & E. M. Wittich, 1971. Changes in production of organic nitrogen 
and carboxylates (C—A) in young sugar beet plants grown in nutrient solutions of different 
nitrogen composition. Neth. J. agric. Sci. 19: 39-48. 
Humphries, E. C. & S. A. W. French, 1969. Effect of seedling treatment on growth and yield of 
sugar beet in the field. Ann. appl. Biol. 64: 385-393. 
Jorritsma, J., 1961-1962. Stikstofbemesting van suikerbieten I en II. Meded. Inst. Ration. Suikerprod. 
31:57-458;32:53-157. 
Kelley, J. D. & A. Ulrich, 1966. Distribution of nitrate nitrogen in the blades and petioles of sugar 
beets grown at deficient and sufficient levels of nitrogen. J. Soc. Sugar Beet Techn. 14:106-116. 
JCirkby, E. A. & P. C. de Kock, 1965. The influence of age on the Cation-Anion Balance in the leaves 
of Brussels Sprouts (Brassica olerace var. Gemmifera). Z. PflErnahr. Dung. Bodenk. I l l : 197-203. 
Kostic, M., W. Dijkshoorn & C. T. de Wit, 1967. Evaluation of the nutrient status of wheat plants. 
Neth. J. agric. Sci. 15:267-280. 
Lindner, R. C. & C. P. Harley, 1942. A rapid method for the determination of nitrogen in plant 
tissues. Science 96:565. 
Loach, K., 1970. Analysis of differences in yield between six sugar beet varieties. Ann. appl. Biol. 
66:217-223. 
Loomis, R. S. & A. Ulrich, 1959. Response of sugar beets to nitrogen depletion in relation to root 
size. J. Am. Soc. Sugar Beet Techn. 10:499-512. 
Loomis, R. S. & A. Ulrich, 1962. Responses of sugar beets to nitrogen deficiency as influenced 
by plant competition. Crop Sci. 2: 37-40. 
Loomis, R. S. & D. J. Nevins, 1963. Interrupted nitrogen nutrition effects on growth, sucrose 
accumulation and foliar development of the sugar beet plant. J. Am. Soc. Sugar Beet Techn. 
12: 309-322. 
Liidecke, H. & M. Nitzsche, 1959. Entwicklungsverlauf verschiedener Zuckerriibensorten. A.I.D. 
Landwirtschaft - Angewandte Wissenschaft 95. 
Liidecke, H. & A. v. Muller, 1965. Die Dungung der Hackfruchten. A Zuckerriibe. Handbuch 
der Pflanzenernahrung und Dungung, Dritter Band, erste Halfte. Springer Verlag, Wien-New York, 
382-410. 
Milford, G. F. & D. J. Watson, 1971. The effect of nitrogen on the growth and sugar content of 
sugar-beet. Ann. Bot. Lond. 35:287-300. 
Nitzsche, M. & C. Winner, 1970. Qualitat und 'physiologische Reife' bei Zuckerriiben. Zucker 23: 
531-537. 
Radford, P. J., 1967. Growth analysis formulae - Their use and abuse. Crop Sci. 7:171-175. 
Sande Bakhuyzen, H. L. van de, 1937. Wetten bij de groei van tarwe en andere landbouwgewassen. 
Landbouwk. Tijdschr. 's-Gravenhage, 49: 885-900. 
Sande Bakhuyzen, H. L. van de, 1950. Groei en productie van suikerbieten I. Versl. landb. Onderz. 
's-Gravenhage 55.2: pp. 227. 
Schouwenburg, J. Ch. van & I. Walinga, 1971. Methods of analysis for plant material. Syllabus 
for the M.Sc. Course in Soil Science and Water Management. State Agricultural University, 
Wageningen, the Netherlands. 
Slangen, J. H. G., 1971. Intermitterende voeding bij tarwe. Versl. landb. Onderz. 's-Gravenhage 
765: pp. 130. 
S0rensen, C , 1962. The influence of nutrition on the nitrogenous constituents of plants, m . Nitrate 
tests and yield structure of fodder sugar beet leaves. Acta Agric. scand. 12:106-124. 
Storer, K. R., W. R. Schmehl & R. J. Hecker, 1970. Quantitative growth studies with sugar beets, 
Beta vulgaris. J. Am. Soc. Sugar Beet Techn. 15: 709-725. 
Stout, M., 1961. A new look at some nitrogen relationships affecting the quality of sugar beets. 
J. Am. Soc. Sugar Beet Techn. 11: 388-398. 
Tanaka, A. & K. Kawano, 1966. Effect of mutual shading on dry-matter production in the tropical 
rice plant. PI. Soil 24:128-144. 
64 
Terry, N., 1968. Developmental physiology of sugar beet I. The influence of light and temperature 
on growth. J. exp. Bot. 19: 795-811. 
Tuil, H. D. W., 1965. Organic salts in plants in relation to nutrition and growth. Agric. Res. Rep. 
657: pp. 83. 
Ulrich, A., D. Ririe, F. J. Hills, A. G. George & M. D. Morse, 1959. Plant analysis. A guide for 
sugar beet fertilization. Univ. California Agr. Expt. Sta. Bull. 766. 
Ulrich, A. & F. J. Hills, 1967. Principles and practices of plant analysis. In: Soil testing and plant 
analysis Part. II. Plant analysis. Soil Sci. Soc. Amer. Inc. Publ. Madison, Wisconsin, USA, 11-24. 
Vickery, H. B., 1961. Chemical investigations of the tobacco plant. Bull. Conn, agric. Exp. Stn 
640, pp. 42. 
Watson, D. J., 1952. The physiological basis of variation in yield. Adv. Agron. 4:101-145. 
Watson, D. J., 1956. Leaf growth in relation to crop yield. In: The growth of leaves. Ed. F. L. 
Milthorpe, London, Butterworths Scient. Publ., 178-191. 
Watson, D. J., 1958. The dependence of net assimilation rate on leaf area index. Ann. Bot. Lond. 
N.S. 22: 37-54. 
Watson, D. J., 1963. Some features of crop nutrition. In: The growth of the potato. Ed. J. D. Ivins 
and F. L. Milthorpe, Butterworths, London, 233-246. 
Wit, C. T. de, W. Dijkshoorn & J. C. Noggle, 1963. Ionic balance and growth of plants. Versl. 
landb. Onderz., 's-Gravenhage, 69.15. 
65 
